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THE SACLANT ANTI-SUBMARINE

WARFARE RESEARCH CENTRE,

In recent years NATO’s anti-
submarine warfare research
centre in La Spezia, Italy, has
become increasingly better known to members
of the Royal Navy and Royal Naval Scientific
Service. Apart from the British contribution
to the civilian research, support and adminis-
trative staff of the Centre, and the succession
of Royal Navy officers who have been attached
as ‘“Programme Officers”, past years have
seen an increasing number of British visitors to
discuss scientific problems or to attend the
frequent scientific conference held there. None-
theless, the purpose and programme of the
SACLANT ASW Research Centre, or SAC-
LANTCEN as it is commonly called, merits
wider dissemination in naval research circles
if full advantage is to be taken of the Centre’s
existence.

Introduction

Purpose

The Centre was established 12 years ago
to perform

(a) Operations research and analysis, includ-
ing the application of scientific expertise
to the problems encountered by naval
commanders in combining the ASW
resources of the NATO nations into an
effective fighting force.

LA SPEZIA, ITALY

J. P. Bethell, B.Sc., M.Sc., F.R.G.S.

Head of Scientific and Technical Information,
SACLANTCEN

(b) Research, studies and investigations to
improve the performance of ASW
detection, classification and identifica-
tion systems.

(c) Oceanographic research, studies and
investigations in direct support of the
ASW tasks listed above.

In the Journal of the Royal Naval Scientific
Service it is unnecessary to elaborate on the
nature of anti-submarine warfare or on the
reasons for research into methods of improv-
ing its effectiveness: the closely-fought scientific
battlcs of two World Wars emphasize the need
for continuing these efforts in the light of
constantly increasing Soviet submarine power.
The question that can more profitably be
answered is why NATO has its own research
centre when there are many national research
laboratories in the NATO nations. The answer
is that one of the main purposes for establish-
ing SACLANTCEN was to assist NATO’s
Supreme Allied Commander Atlantic (SAC-
LANT) in his specific ASW problems by pro-
viding an exchange centre for the various lines
of research being pursued nationally. In addi-
tion, an internationally-staffed centre would
be able to attract some of the scientific capab-
ilities within the NATO nations (especially the
smaller ones) that would not otherwise be
directed towards ASW.



History

The SACLANT ASW Research Centre was
first established as the result of an exploratory
visit by members of the U.S. Naval Research
Advisory Committee to Canada, Denmark,
France, Germany, Italy, The Netherlands,
Norway and the United Kingdom, during
which agreement was reached to co-ordinate
ASW research by pooling data and personnel.
Of the offers made for laboratory space, the
Italian offer to provide facilities within the
naval base at La Spezia was accepted as the
most suitable because La Spezia’s climate and
position on the Italian Riviera permits experi-
ments in both deep and shallow water through-
out the year.

In June 1958 the Supreme Allied Comman-
der Atlantic approved the formation of such
a research centre and, because of the urgent
need, the U.S. Secretary of Defence agreed to
provide the necessary funds until agreement
for NATO multi-national funding could be
obtained. During a 4-year interim period the
Centre was organized under a SACLANT
“ Deputy ” by SIRIMAR, an Italian non-profit
company managed first by the Raytheon Com-
pany (U.S.) and later by the Pennsylvania
State University. At the end of this period, on
Ist February 1963, SACLANTCEN was
established as a NATO International Organi-
zation,

Organization

In its present form the Centre is managed
for SACLANT by its Director, assisted by a
Deputy Director and by a Naval Adviser
appointed by SACLANT. His senior staff
comprise the Group Leaders of the five re-
search groups and the Heads of the admini-
strative and support divisions.

The present Director is Ir M. W. van
Batenburg, previously Deputy Director of the
Physics Laboratory of the Netherlands
National Defence Research Organization. His
Deputy Director, who joined SACLANTCEN
last summer, is Mr. A. W. Pryce, recently
Director of Research at the U.S. Office of
Naval Research; Mr. Pryce was a physicist in
the Royal Naval Scientific Service from 1940
to 1951 before becoming a U.S. citizen.

In the scientific direction of the Centre, the
Supreme Allied Commander Atlantic is
assisted by the SACLANTCEN Scientific
Committee of National Representatives, which
reviews the proposed scientific programme and
the annual report and provides scientific and
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technical advice. The Committee, which meets
in La Spezia twice a year, is formed of leading
ASW scientists from each of the nations. The
representative of the United Kingdom is Mr.
A. W. Ross, O.B.E., Chief of Naval Research.
In the routine relations between the Centre
and the nations—such as obtaining personnel,
equipment and classified documents — the
Director is assisted by National Liaison
Officers in the Ministries of Defence. The
U.K. liaison officer to SACLANTCEN is Mr.
H. W. K. Kelly, M.B.E., of the Department
of Naval Physical Research.

SACLANTCEN’s annual scientific pro-
gramme is drafted by the Director and his
senior staff at the beginning of the preccding
year, staying within the broad frame of a five-
year plan and incorporating proposals forwar-
ded by the nations and the NATO maritime
commands. In May the draft is reviewed for
SACLANT by the Scientific Committee of
National Representatives, which hears a full
justification of the proposed programme from
each Group Leader. The draft, with the
Committee’s amendments is then sent to
SACLANT for his approval and submission to
the NATO Defence Planning Committee—the
ambassadors of the fourteen NATO countries
participating in the military part of the alliance.
With the annual programme the Defence
Planning Committee also receives an annual
budget approved by the NATO Military
Budget Committee (representatives of the
nations’ financial authorities), which author-
izes SACLANTCEN to spend the necessary
funds. At the end of each year’s work an
annual report is submitted by the Director
through the same channels.

Research Programme

The work of the programme is divided
between five scientific groups. Passing from
the studies of the ASW environment to those
of ASW application, the Groups cover Ocean-
ography, Sound Propagation, Target Classifi-
cation and Operations Research. The fifth
group— Theoretical Studies—concerns itself
with special mathematical problems and com-
puter applications. It is specifically intended.
however, that the work should not be too
strictly divided, and the particular atmosphere
of SACLANTCEN has in fact always ensured
an easy interchange of ideas between the
various projects. At present the Groups are

engaged in projects that cover the following
items.
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Oceanography Group. The variabilities of
parameters in the upper ocean that are most
likely to influence sonar operation. The influ-
ence of meteorology on those parameters.
Optimum methods of sampling those para-
meters so as to predict acoustic transmissions.
The bottom and sub-bottom structure as inputs
to an acoustic model. The scattering of sound
by biological phenomena (DSL).

Sound Propagation. Development of sonar
techniques applicable to the special conditions
of sound propagation in (a) deep water and (b)
shallow water. The degradation of information
in underwater signals caused by the random
character of the propagation medium and its
boundaries. The investigation of propagation
techniques by simulation models. The devel-
opment of advanced digital techniques of data
analysis as a working tool for the other
projects.

Target Classification. Development of classifi-
cation techniques that can be applied to
existing and proposed sonar systems. Studies
of the use of the reliable acoustic path by
means of an experimental deep sonar system.

Operations Research. Studies that will assist
in the better utilization of ASW units and
equipment. Studies of ASW aspects of NATO
exercises. Evaluation of the operational sig-
nificance of concepts studied by the other
Groups.

Theoretical Studies. Development of a unified
acoustic propagation model. Methods of cal-
culating acoustic energy when ray theory fails.
Problems in the statistical theory of signal
detection.

In addition, SACLANTCEN has undertaken
the processing and analysis of data from the
1970 - 71 oceanographic-acoustic survey of the
Norwegian Sea (MILOCSURVNORLANT)
organized with NATO research ships by the
Commander-in-Chief Eastern  Atlantic
(CINCEASTLANT) for the NATO Group on
Military Oceanography. This three-year project
forms part of the Oceanography Group.

STAFF

SACLANTCEN’s 57 scientific research staff
—who are divided more or less evenly between
the Groups—are drawn from all the NATO

nations having naval forces, as shown in
Table 1.

TABLE I.
Nationalities of Research Staff at SACLANTCEN

Nation Since 1 May 1959 On 1 July 197!
Belgium s 4
Canada 8 3
Denmark 8 3
France 11 5
Germany 9 2
Greece 1 0
Italy 1153 8
Netherlands 12 51
Norway 16 7
Portugal 2 1
Turkey 1 1
U.K. 17 8
U.S. 30 10

FIG. 1. A SACLANTCEN oceanographer attaching
underwater sensors to a 30-m long spar buoy used
for measuring air/sea interaction parameters.

The research staff are selected—generally
with the help of the members of the Scientific
Committee of National Representatives—from
national research establishments, universities
or industry to satisfy particular requirements
in the programme. Initial appointment is for
three years, at a level determined by a scien-
tific rating board; possible extensions of con-
tract and upgradings depend on the require-
ments of the programme and the capabilities



FIG. 2. Lowering an experimental deep sonar
system from SACLANTCEN's reasearch ship.

of the individual. The research staff generally
hold the equivalent of an M.Sc. or Ph.D.
degree. While some are chosen because of
their long experience in a particular field,
others come almost directly after their post-
graduatc studies. This, together with a turn-
over rate of about one research scientist a
month, creates a valuable mixture of experi-
ence and capabilities within the Centre.

To supplement the scientific complement,
to participate in NATO’s policy of scientific
exchange between the nations, and to identify
potential staff for the future, SACLANTCEN
awards grants to ten ‘‘Summer Research
Assistants ” to work on certain subjects for
about three months each summer. These are
post-graduate students selected from the uni-
versities by the members of the Scientific
Committee of National Representatives. Their
contributions — especially in such rapidly-
developing subjects as computer applications—
are often significant.

Although SACLANTCEN is primarily
staffed by civilians, its purpose is directed to
military ends and it is appropriate that there
should be a leavening of naval staff within it.
Primarily this is provided by the Naval
Adviser and three *“ Programme Officers ”” who
each have personal knowledge of one of the
elements of ASW operations. The Naval
Adviser is always a Commander of the U.S.
Navy and the other NATO nations take turns
in appointing the three Programme Officers;
at present the latter are a submarine com-
mander of the Royal Netherlands Navy, a des-
troyer commander of the Hellenic Navy and
an ASW helicopter-quadron commander of
the Royal Navy. Financial matters are admin-
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istered by a financial officer on loan from the
Ttalian Navy and an officer of the U.S. Navy
Supply Corps. Security is the responsibility of
an Italian naval officer and a guard force of
Carabinieri. Recent years have also seen a
regular succession of Instructor Commanders
of the Royal Navy’s Meteorological and
Ocezanographic Service, who have spent three
to six months with the Oceanographic Group
to familiarize themselves with the type of work
being conducted at the Centre.

Apart from the direction of the Finance
Division, mentioned above, the administrative
and support services of the Centre are per-
formed by a civilian staff of 172, comprising
150 Italians, 17 British and one each from
Belgium, Denmark, Germany, The Nether-
lands and Norway. Such staff generally hold
permanent or renewable contracts.

Facilities

SACLANTCEN is housed within the
grounds of the Italian Navy’s Weapon Re-
search Establishment alongside the naval base
at La Spezia. The main building houses offices,
library and conference rooms on the upper
floor and computer rooms, laboratories, draw-
ing office and workshops on the lower floor
and the mezzanine. Plans are ready for an cx-
tension wing to be added to the main building
to ease the present overcrowding.

The computer facilities at present consist of
an Elliott 503 with Honeywell DDP 516
satellite for scientific computation, and three
Hewlett Packard 2116B data acquisition
systems (one of which is on the research ship)
for on-line application and interactive time-
series analyses . Negotiations are at present
proceeding to replace the Elliott computer with
a computer of a later generation. In addition
to the usual magnetic tape handlers, line
printers and plotters, the computer peripherals
include Fast Fourier Transform consoles and
light-pen displays.

For its research vessel SACLANTCEN has
always chartered a merchant ship: the s.s.
Aragonese of 2200 g.r.t. between 1959 and
1964, and now the m.v. Maria Paolina G. of
2000 g.r.t. The Maria Paolina G. has accom-
modation for 16 scientific and technical staff
in addition to her regular crew of 24. Her
cargo hold's havc been converted to three
spacious air-conditioned laboratories and a
power-generator room. The forward labora-
tory contains a largc well for the lowering of
a transducer plate or other underwater equip-
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FIG. 4. A Belgian and a U.S. scientist working
on target classification problems in a
SACLANTCEN laboratory.

ment. The inboard midships laboratories are a
navigation laboratory, which contains C-band
and X-band radars, LORAN-A and
LORAN-C receivers and a rented satellite
navigator unit, and an experimental laboratory
that holds racks of whatever experimental
equipment is being carried aboard at the time.
The experimental laboratory also houses the
shipboard computer. On the deck above these
laboratories there is a ‘““ wet”’ oceanographic
laboratory for the analysis of hydrographic
casts. Extra booms, A-frames and special
winches installed at several points about the
ship permit the handling of a variety of types
of large underwater equipment. An active
rudder allows the ship to be steered at speeds
down to half a knot.

Centre from the air.

FIG. 5. SACLANTCEN's Research Vessel Maria
Paolina G. at sea during a research cruise.

FIG. 6. The experimental laboratory aboard
SACLANTCEN's research ship. The computer
installation is on the right.



Batenburg is seated behind the NATO fiag.

The research ship averages 170 days a year at
sea and another 100 in preparations and equip-
ment tests in harbour. For small-scale cxperi-
ments in and around the Gulf of La Spezia
the Centre owns a converted air/sea rescue
launch. For calibration work, use is made of
a barge moored on a local lake.

In addition to the services of its own
research ship and workboat, SACLANTCEN
receives considerable assistance from the
NATO navies for performing experiments at
sca. This is usually by the loan of submarines
to serve as targets or of minesweepers to
assist on the surface, but cruisers, research or
survey ships and aircraft have also been pro-
vided for special purposes. A recent develo-
ment is the use of Italian naval helicopters
from a nearby NATO base for the rapid drop-
ping of explosive charges at varying ranges
from the research ship. The contributions of
the navies in this way are indicated by the ship
plaques in the entrance hall of SACLANT-
CEN; these include those of H.M. Submarines
Opossum, Otter, Turpin, Valiant and Walrus,
of H.M. Frigate Aurora and of H.M. Des-
patch Vessel Surprise.

Publications and Conferences

Tt has often been said that the output of a
research centre such as SACLANTCEN—
which is not responsible for the design or pro-
duction of any hardware—can only be in the
form of the written or spoken word. SAC-
LANTCEN’s production of 200 Tecchnical

FIG. 7. One of the conferences held at SACLANTCEN. The Director, Ir M. W. van
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£

Reports, 170 Technical Memoranda and about
75 other scientific documents has been widely
distributed to all the NATO Ministries of
Defence—for redistribution to national com-
mands, laboratories and document services—
and to NATO maritime commanders. In the
United Kingdom they are available from the
Defence Research Information Centre. A
bibliography of unclassified documents, and
copies of the documents themselves, may be
obtained from SACLANTCEN.

In recent years SACLANTCEN has taken
advantage of its international character and—
dare one say it—of its attractive location, to
bring together scientists from NATO nations
for working-level conferences on pertinent
issues. So far the subjects have been: The
Reliable Acoustic Path, Bottom Reflection,
Scattering of Sound by the Sea Surface,
Scattering of Sound by the Deep Scattering
Layers, Digital Analysis Techniques, and
Geometrical Acoustics. The great success of
these conferences, which usually last three or
four days and are each attended by from 30
to 50 scientists, suggests that SACLANTCEN
is developing a new contribution to research
studics within NATO.

Within the usual limits of security, the
Director of SACLANT Anti-submarine War-
fare Research Centre welcomes co-operation
with scientists of the NATO countries and
trusts that readcrs of the Journal will not
hesitate to draw attention to common fields of
interest.
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MARINE ANTI-FOULING

David Houghton joined R.N.P.L. in
1950 after Army service in Singa-
pore. Transferred to C.M.L. in
1951, educated at St. John's
College, Portsmouth and attended
Portsmouth Municipal College as a
part-time student. On the closure
of C.M.L. in 1957 he became Officer
in Charge of Exposure Trials Station,
Eastney and was promoted to
Experimental Officer in 1960. Having
obtained a London University
External degree he was promoted
(class to class) S.S5.0. and in 1967
to his present grade of P.S.0.

D. R. Houghton, B.Sc., M.L.Biol., R.N.S.S.

Central Dockyard Laboratory Exposure Trials Station

The fouling problem is a very
ancient one and probably
dates from the first time that
man ventured in primitive craft upon the
waters of this planet. Despite the attempts,
over the years, to control fouling, we are still
far from an absolute answer. Even today the
economic problem is not always fully realised,
partly because of the difficulty in obtaining
figures which represent the true loss that
occurs in increased fuel consumption, loss of
earnings and time spent in carrying out the
remedial measures necessary and partly be-
cause ships come into dock for purposes other
than restoring the effectiveness of the anti-
fouling system. Nevertheless, estimations of
the cost have been made and the following
figures indicate something of the magnitude
of the sums involved.

In the United Kingdom it has been estimated
that £50,000,000 per annum is spent in extra
docking fees and other associated costs and in
an estimate originating from Norway the
amount is stated to be about £10,000 a year for
a 10,000 ton ship. Any increase in the effec-
tiveness of antifouling measures would make a
very significant contribution to the economic
effectiveness of the shipping industry and to
the navy.

With more and more industries turning to
the sea to provide cooling water there is a
problem in controlling fouling in seawater
intakes. There is also the associated difficulty
of preventing fouling from growing in sea-
water systems on board ship.

Introduction



Ship Fouling

It is well known that any non-toxic surface,
when exposed in coastal waters or harbours,
will quickly become colonised by a number
of plant and animal species. Barnacles, tube-
worms (Figs. 1 and 2) sea-squirts (Fig. 3) and
hydroids are the principal members of the
macro-fauna. Among the algae, species of
Enteromorpha (Fig. 4), Ectocarpus, Ulva,
Laminaria, Polysiphonia and many others are
frequently present in the fouling community.
These organisms, on a ship, increase the skin
frictional resistance of the hull causing a large
increase in the fuel consumption in maintain-
ing cruising speeds and rendering top speeds
unattainable. Prevention is the real answer,
cither by poisoning the spores of algae and
larvae of animal species so that they die before
becoming too well established or by using a
deterrent which prcvents them from settling in
the first place.

FIG. 1. Settlement of barnacles

FIG. 2. Settlement of tubeworms
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FIG. 4. Settlement of green weed

The most successful means available for
controlling fouling, at present, is by the use
of antifouling paints; many of which employ
cuprous oxide as the poison, sometimes with
the addition of mercurial and other com-
pounds. Organic materials are also being
used either on their own or more frequently
in conjunction with inorganic poisons.

Ships with a quick turn-round period do
not need to be coated with antifouling paint.
The species which have established themselves
on the hull are unable to develop before being
swept off when the vessel reaches higher
speeds. The presence of weed on the water-
line has been shown, in recent years, to be as
important a factor in increasing the drag ef
the hull as comparable settlements of animal
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larvae and in the case of tankers, fouling of
the boot-topping area, which can be as much
as 30-40ft. between the laden and unladen
level, forms an important problem. This area
is frequently colonised by algae—particularly
by species of the green seaweed Enteromorpha.
The special requirements of the tanker have
been tackled with considerable promptitude
by the paint trade and the comparatively new
tri-butyl tin oxide has been used as the poison.
Nature, however, is not so easily controlled
as we should like and although TBTO is very
effective against Enteromorpha species, those
of the brown weed Ectocarpus appear to be
little affected by this poison. In consequence
other tri-butyl tin compounds in conjunction
with more conventional poisons are now being
evaluated for weed control.

There is a growing body of evidence which
suggests that algal spores are capable of attach-
ing to a surface over which water is moving at
comparatively high speeds. The larvae of
animal fouling species on the other hand are
unable to settle on surfaces over which the
water speed is two knots or more.

Fouling of Seawater Intakes

If seawater is passed through a system of
pipes at high velocity, there is little or no risk
of antifouling organisms settling in the system.
In practice, however, there are always parts
of the system through which the velocity is
reduced or which are used only intermittently
allowing fouling to accumulate. The materials
used in the construction exclude light so that
fouling by seaweeds cannot occur. The prob-
lem is therefore somewhat different from that
of the fouling of the underwater hull.

The most important effects under these
circumstances are first the restriction of flow
because of the build up of settlements of bar-
nacles, hydroids, polyzoans and in particular
mussels (Fig. 5). Secondly, complete blockage
of the pipes and/or valves may occur either
by the growth of a large number of fouling
organisms; by accumulation of shell from
detached living mussels or by the shells of
those which have died. This type of accumu-
lation is particularly serious in seawater
systems used for fire fighting purposes. Settle-
ment of organisms in condenser tubes is also
highly undesirable, because of the risk of
impingement attack on the tubes resulting in
their perforation. In large seawater intakes
the settlement of barnacles and hydroids in
most cases can be tolerated, unless the build

FIG. 5. Seawater pipes partially blocked
with mussel fouling

up of shell is very pronounced. This is not so
in the case of mussels where there is again
the risk of the shell accumulating in large
masses which may be torn away, thereby
blocking the system.

Prevention of fouling in this situation is
usually achieved by the use of sufficient quan-
tities of chlorine. It is, however, a very expen-
sive way of ensuring protection because con-
tinuous chlorination has to be maintained
throughout the fouling season. More recently
large intakes have been coated with com-
paratively long life antifouling paints with a
fair measure of success, but smaller bore
systems do not lend themselves to this treat-
ment. Where metal pipes are used there is a
risk that the poison of the antifouling paint
may cause an increase in the corrosion rate of
the pipes.

It is a commonly held misconception that
smooth surfaces are unattractive to settling
larvae and this view has been held in particular
with respect to plastics. It is not infrequently
suggested that the non-stick material polytetra-
fluroethylene will remain free from fouling.
Unfortunately this is not true. All plastics
become colonised by fouling organisms but in
some cases, where a toxic substance is used as
a plasticiser, there may be a short period when
settlement is prevented. This, however, has
little or no practical value.

High copper-bearing alloys of copper/
nickel/iron are used in some cases for sea-
water systems and these have an intrinsic
antifouling action. Care has to be taken to
see that nothing adheres to the inner surface
which could provide a point of attachment for
fouling and also to see that they are not
joined to materials which renders them more
noble, thus inactivating them.



It is well known that chlorine can be gener-
ated from seawater by electrolytic means and
considerable effort has been expended on
devcloping equipment for this purpose. The
essentials of such a system are that it be com-
pletely reliable with an efficient feed-back
mechanism to maintain a residual level of
0-25-05 ppm. Care must also be taken to
ensure that the chlorine does not attack any
component in the system.

Alternative Methods for Fouling Control

The basic problem for fouling control is a
distributional one; whatever agent is employed
must be present in the right place at the right
time. As stated above, a water speed of two
knots past a surface will prevent the settlement
of the larvae of fouling species on that sur-
face; a method based on this fact was devel-
oped 30 years ago. Air bubbles released from
pipes laid alongside the keel kept the hull clean
by passing over it as they rose to the surface
(Fig. 6).

Where the bubbles were able to travel at a
fairly rapid rate and maintain contact with
thc surface, fouling settlemcnt as prevented.
It was found, however, that the bubbles could
not protect indcntations or areas where they
moved too slowly or lost contact with the sur-
face. A more recent modification of this
system employed kerosene with an added
poison.

In earlier days electricity was suggested as a
means of fouling control but the current den-
sities required were impossibly high. The use
of ultrasonics has been tried but like all the
other niethods mentioned above it proved to
bc only partially successful. In the control of
fouling there must be no halfway house; to be
effective it has to give complete protection.
Even comparatively light settlements of animal
and weed fouling can give rise to a very sharp
increase in skin frictional resistance.

Development of New Methods

At the beginning of the last world war the
high priority need in the antifouling field was
to develop a paint capable of giving complete
protection for a period of six months. The need
today is very different. Tankers of 250,000 ton
dw arc already in service and are being oper-
ated with very small crews which means that
little effort is available from the ships’ staff
to undertake work outside the normal hand-
ling of the ship.

Marine Anti-fouling: Houghton 11

FIG. 6. The effects of air bubbles in protecting
a surface from the settlement of fouling species.
Where the bubbles have adhered and travelled
at a reasonable speed settlement is entirely
prevented.

There is little reserve of power above the
cruising speed of these vessels and there are
only four docks in the world capable of accom-
modating ships of this size. The total cost of
a week in dry dock is about £100,000 -
£150,000, and it is thcrefore desirable that they
be docked as infrequently as possible.

With the increasing effeciiveness of other
technologies associated with the equipment of
such ships, it has already been established that
there is a need for antifouling coatings cap-
able of lasting for four ycars or more out of
dock. The naval requirement is tending to-
wards the same end but for somewhat different
reasons. It may be possiblc to increase the
life of existing formulations to meet the
immediate requirement either by incrcasing
the thickness of the antifouling coats or by
improvements in the formulation. It appears
to the author, however, that a very serious
and hard look needs to be taken at the ways
of devising new poisons and alternative
methods of control for the future. The ideal
would be for an initial treatment during con-
struction which would last for the wholc life
of the ship.

The ideal poison would be onc that is effec-
tive in comparatively small amounts, is equally
effective against wced and animal fouling and
completely non-toxic to man. Added to this it
should work only when the vessel is at anchor.
The ideal will almost certainly not be reached
but thcre is a very good case for the chemist
to attempt to tailor compounds to suit the pur-
pose for which they are requircd- To this end
a close liaison must be maintained with the
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chemical industry, especially those firms de-
veloping insecticides, algicides and pharma-
ceutical compounds.

There is a very real need for an attempt to
find alternative methods to those used at
present. In the field of entomology a consider-
able amount of work has been carried out on
the hormonal control of mechanisms such as
moulting, and ecdysone and juvenile hormone
have been studied extensively. The Zoecon
Corporation are already producing synthetic
hormones which appear likely to be used
instead of chemicals such as DDT. Similar
studies are being made on barnacles in an
attempt to develop a control method along
analogous lines.

A good deal of attention has been paid to
the formation of cement by means of which
barnacles are attached to the substrate and it
is possible that the same hormone that controls
moulting may also be responsible for initiating
the cementing process. Another important
mechanism is that by which barnacles and
other shell-forming species calcify their shells.
Interference with this mechanism, causing
lack of calcification, would provide a major
step forward in the control of these organisms.
It is to be expected that a detailed knowledge
of the mechanisms involved in settlement,
cementation and calcification will lead to the
discovery of chemicals of natural or synthetic
origin which will interfere with and upset these
processes.

Investigation of the mechanisms associated
with the settlement of spores in Enteromorpha
have already been carried out and further work
on the effect of enzymes on spore settlement
has yielded valuable results. The effect of
auxins and algal hormones are soon to be
investigated and will provide a more thorough
understanding of the processes associated with
settlement and development of algal spores.
This knowledge should lead to the possibility
of discovering new means of controlling these
organisms.

If hormones or enzymes are proven to be a
practical means of control in both fouling
plants and animals, they will have the advan-
tage of working in very small quantities and
should be capable of giving protection for very
long periods to the surface to which they are
applied. These advantages, together with that
of being non-toxic to man, make these com-
pounds extremely attractive as antifouling
agents.

It may be argued that even if success
attended the biological approach to fouling
control, the compounds would be very expen-
sive to manufacture. This is almost certainly
true but if the cost is balanced against the
cost per week of docking a large tanker, they
will probably prove to be economic. Increased
demand will also tend to lower manufacturing
costs.

Methods of control have been investigated
using metal coatings such as cadmium/zinc
which, if applied as metal to the hull, would
give anti-corrosive protection and because of
their toxicity may well prove valuable in pre-
venting fouling. Such an alternative method is
also very attractive.

It is important to look at all possibilities,
and even to dream somewhat about the ideal
solution even though in the present state of
knowledge it is impracticable. A means of
exuding substances through the hull, as in
sintered metal bearings, would allow for the
release of poisons whilst the ship was in har-
bour or at anchor, of anti drag compounds
whilst at sea and of corrosion inhibitors all
the time. In the event of plastic hulls being
widely used in the future then inhibitors would
of course be unnecessary.
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PRODUCTION OF PROTOTYPE HYBRID
MICRO-ELECTRONIC MODULES USING
THIN FILM SUBSTRATES

R. H. Purchase, R.N.S.S.
Admiralty Underwater Weapons Establishment

The usual rechniques used in the manufacture of thin film micro-electronic
cireuits are not ideally suited for researcli and developmen: applications,
where relatively small numbers are required.

This arricle describes a facility which lias been established ar AUWE, and
wliich we consider is well suited to meet a need for hybrid inicro-electronic
modules of high accuracy, in small numbers.

It does not require the normal artwork, photographic, and drawing office
facilities, hence the work can be done by a small self-conrained unir.

In consequence the time to produce a new circuit is very short.

Introduction

In the limit, a device can be made within
onc day, from the circuit diagram. The pro-
cedure for manufacture is as follows:

1. From the circuit diagram a layout for the
film circuit is drawn, preferably on squared
paper, or in some cases by laying out a
plateau of building bricks (Lego).

2. From the layout, a programme is typed,
on a teleprinter, and a punched tape
obtained which ultimately controls an X-Y
table. This table carries an uncommitted
gold /nickel /chromium thin film substrate
on a vacuum chuck.

3. The “writing in” head holds a stylus
primed with an ectch resistant ink, which

Rex Purchase was educated at o
South Dorset Technical College. He 15 h_dd above ﬂ,]c e .
joined the RNSS in 1959 as a radio 4. Resist is deposited on to a substrate in
mechanic, and progressed to his accordance with the instructions on the
present position as an Experimental unch tape
Officer employed in the micro elec- p pe.
tronics department. 5. After “ writing in " the gold pattern, the

substrate, is removed for etching. Then the
nickel/chromium pattern is * written in”
and etched.
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The nominal line width definition for
“writing in” s =+ 59% of thc stylus
diameter, which may be as small as 0006
inch. Nominal resistance values after
etching are = 109/, but these may be later
adjusted to + 0-1°/ of the design value by
micro-engraving.

6. The micro-engraving is carried out on the
same X-Y table, using a spark erosion
technique.

7. The discrete components are then added
to the substrate, and the substrate itself
attached to the Motherboard, before
assembly onto the 10 lead or 20 lead header.
This completes one hybrid micro-circuit
level, and up to four of these levels may
be assembled onto the header to complete
the packagc.

8. A cover is then soldered into position and
the package evacuated.

9. Upon releasing the vacuum, a fluorocarbon
coolant is allowed to flow into the package
vig a small hole in the side, which is then
sealed with a sealing pin.

The complete package measures 1-1 in. X
0-8 in. X 06 in. high, and could for
example contain a 6th Order active filter.
Uncommitted thin film substrates are used
at the heart of the hybrid micro-electronic
modules produced at the Admiralty Under-
water Weapons Establishment. Tiny engraving
lines on the nickel chromium (the grey areas

in Fig. 1) adjust the resistors to the required
value.

FIG. 1.

The method adopted for processing these
uncommitted film substrates to a completed
hybrid micro-electronic module are as follows:

From the circuit diagram a rough layout is
obtained preferably on squared paper. This
is then followed by a more detailed layout at

which stage the design calculations for area
and power dissipation arc considered. A pro-
gramme may then be written, or it may be
transferred to a legoboard layout which makes
programming easier, particularly for the less
trained programmer. A punch tape is obtained
from a teleprinter which ultimately controls
the X-Y table. A skilled teleprinter operator
may obtain a punch tapc directly from the
detailed layout.

The table has a maximum movemcnt in
both X and Y directions of 6 in. and may be
jogged in 12 micron steps. The uncommitted
substrate, which consists of a piece of 2 in. X
1 in. glass 0-023 in. thick, has evaporated on
its surface a layer of nickel chromium, fol-
lowed by a layer of gold® which is then diced
to 1 in. X 4 in., and loaded onto the vacuum
chuck attached to the X-Y tablc. The gold and
nickel chromium patterns arc “ written in > by
means of the ‘ writing in > head, which con-
sists of a stylus whose diameter is chosen to
suit the oprogramme. The stylus whose
diameters range from 5 thou. to 25 thou.,
are first primed with resist, and the table sct
into motion. First the gold pattern is ¢ written
in,”” baked and etched, and the resist removed.
Then the nickel chromium pattern is * written
in,” baked and etched and resist removcd
(Fig. 2 shows nickel chromium pattern etched).

F.G. 2.

At this stage the substrate is baked to stabi-
lize the nickel chromium. After stabilization
the “ writing in > head is replaced by the micro
engraving head, which uses a spark erosion
technique to vapourise the film circuit. Adjust-
ment of resistors to better than 0-1%/ is obtain-
able with this method.

The discrete components, i.e. Flat pack
amplifier, chip capacitor, etc., are then
attached to the substratc by means of hand
soldering.



These discrete components would normally
be added before engraving, if adjust to func-
tion techniques were required. Similarly if a
precise time constant was required, then the
chip capacitor would be attached and the
resistor engraved to the desired value.

Flat pack amplifiers require their leads to
be shaped and cropped to suit the film layout
(in Fig. 3 the left hand illustration shows the
jig developed *“ in house ™ for this task).

The substrate itself is then attached to a
motherboard by an adhesive, and the lead out
wires from the substrate to the motherboard
are soldered in position. This motherboard may
be used for interconnections between levels if

-

FIGL 3.

FIG. 4.
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required. This completes one microcircuit
hybrid level, up to three of these levels (Four
if there are no discrete components) may be
assembled into the micro circuit package in
their required order to give correct pin con-
nections for the package being used, which
may be 10 lead or 20 lead. (Fig. 4 shows the
package with and without cover).

The cover is then soldered in position and
the whole package evacuated. Upon release of
the vacuum, Fluorocarbon coolant is allowed
to flow through a -032 in. diameter hole in
the side. A 1 cc of Fluorocarbon is then
removed (by means of a hypodermic needle)
to allow for possible expansion. A seal pin is
then placed into the hole and solder sealed
under pressure to prevent the expanding Fluor-
ocarbon pushing the pin out. (In Fig. 3 the
right hand illustration shows the sealing pin
equipment, again developed ‘““‘in house ).

FIG. 5.

3 ’

The complete * writing in >’ etching, wash-
ing and inspection facilities are housed within
a clean area of 100 square feet (Fig. S shows
the equipment housed within the clean area)
whilst Fig. 6 shows the hybrid assembly (which
utilises a lamina flow bench) and testing area.

Typical yields obtained using this method of
production are 74°/, on 270 complete circuits.

A total of 900 resistors were adjusted to
better than 1°/ and in some cases 0-3°/ giving
a resistor yield of 96°/. The failures were cate-
gorised as follows:

Writing in failures . . . 11

These failures could be caused by substrate-
contamination causing poor adhesion of the
resist, or hairline cracks appearing in the resist
during baking (this being a function of vis-
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FIG. 6.

cosity of the resist, table speed, or oven tem-
perature). Both types of faults cause open
circuit nickel chromium tracks when etched.

Engraving failures . . . 137

As the resistors were at this stage manually
adjusted, operator error due to * overshoot”

John Grensted retired at the end of Decem-
ber. Since 1961 he had been in charge of the
recruitment of Scientists to the RNSS and over
the years he had personally evolved the present
system of close contact with the Universities
on recruitment now in use by both the RNSS
and others in the Ministry of Defence. He
owed much of his success in this field to his
enthusiasm and to his tireless dedication to
the cause of maintaining the high standard
of the RNSS of which he was a very faithful
believer.

2

contributed towards this failure rate, as well
as pinholes or a contaminated or scratched
substrate, causing a sudden change of resist-
ance value when the engraving head cuts into
the damaged area.

Cutting failures . . . 2%

This was the result of uneven breaking of
the glass substrate when dicing a 2 in. X 1 in.
substrate into four 1 in. X 4 in. substrates.
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RESISTANCE LOADING OF LARGE ELECTRICAL
POWER SOURCES
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C. K. Aked, AM.LE.E., R.N.S.S.
Admiralty Engineering Laboratory

The Admiralty Engineering Laboratory at
West Drayton has undertaken research and
development in both electrical and mechanical
engineering for the last 50 years. From the
early beginnings, when relatively simple
investigations were carried out with the mini-
mum of ancillary test equipment, has evolved
the present sophisticated era where data
acquisition, processing equipment, computer
systems, storage oscilloscopes, etc., are neces-
sary to complete a project. No longer can
the solitary genius exclaim ‘ Eureka’ and
bound into his laboratory to bring his ideas to
fruition in the old classical manner. Team
work is now the only efficient way to deal with
the complex research of to-day.

As an illustration of the changes resulting
over the years, even in equipment that might
almost be taken for granted, it is proposed to
deal in this article with the improvements in
the electrical resistance loading used in both
Electrical and Mechanical Departments of
AEL. Whereas when the Laboratory’s activi-
ties commenced in 1917 the electrical power
supply was a single phase supply of 50 KVA,
it now stands at 1500 KVA with measures in
hand for an increase to 3000 KVA. Addition-
ally there is a main battery of submarine lead-
acid cells which can be arranged to give 880
volts with a capacity of 20,000 ampere hours,
and will give 10 megawatts at a one hour
rating. Some indication of the increase in
power levels over the years may be gained
from these figures.
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Whilst the Electrical Laboratory of AEL
is constantly making use of large resistive
and reactive loads up to a maximum of 1,500
KVA for experimental work, the Mechanical
Laboratory has always had the need for the
majority of the resistive loads in conjunction
with the electrical generators driven by diesel
engines. Until the advent of alternating cur-
rent supplies on board ship, generators were
naturally direct current. Now of course they
are of 450 volt 60 Hz 3 phase alternating
current output.

Early engine tests utilised some form of
mechanical brake to dissipate the energy from
the prime mover. Readers will no doubt
remember from their youthful studies the rope
brake and water-cooled pulley, the Prony
brake and other such contrivances. Useful as
these devices were for testing early gas and
steam engines of low brake horse power out-
put, they arc of little importance today. The
most general form of mechanical brake today
is the hydraulic dynamometer in which water
is used as a medium to convert the mech-
anical energy into heat energy which is then
removed by circulating water from the
dynamometer to a cooling system. There are
severe disadvantages inherent in the use of
this method, e.g. cavitation erosion of the
dynamometer paddles and internal channels
due to the violent agititation of the water,
necessitating constant servicing and renewal
of parts, static heat exchangers are necessary,
and large scale water-purification is essential
in hard-water areas. Nevertheless the method
is extremely simple to use in practice, is
readily accepted by mechanical engineers; and
as cooling water of high quality is necessary
for the engine cooling systems, the extra cost
of supplying the dynamometer is small. The
hydraulic dynamometer is flexible in opera-
tion and can be adjusted smoothly from zero
to full load dissipation over a range of speeds.

It has long been realised that in the case
of a diesel engine intended for driving an
electrical generator, it is much more realistic
to test the engine whilst coupled to the gener-
ator and provide an electrical load, i.e. to test
the power system as such rather than load the
engine with a hydraulic brake. The large loads
suddenly connected to an electrical generator
cannot be simulated correctly by a hydraulic
dynamometer, nor can step loads from one
power level to another be made. Coupled gen-
erators however have the disadvantage of
possessing considerable mass-inertia and can
cause considerable damage to an engine in the

case of engine crankshaft failure and associ-
ated components. The hydraulic dynamometer
has low inertial mass and results in less con-
sequential damage compared to an electric
generator.

Before proceeding further it will be well
to briefly review the operation of a diesel
engine. Fuel is fed to the engine cylinders via
injectors controlled by a fuel pump and mech-
anical governor driven from the engine crank-
shaft. On the compression stroke air is highly
compressed in the cylinder by the piston and
near the top dead centre an accurately meas-
ured amount of fuel is injected at the correct
instant, burning rapidly and converting the
chemical energy of the fuel to heat energy as
it oxidises. A rapid rise in gas pressure results
and the piston is forced down against the
resistance of the crankshaft, allowing the
gases to expand and convert some of the heat
energy to mechanical energy, about 30-35
per cent. At the end of the power stroke the
gases are exhausted to atmosphere, carrying
with them a large amount of heat energy,
approximately 30-35 per cent of the theor-
etical input heat energy supplied by the burn-
ing of the fuel. A smaller amount, 25 - 30 per
cent, passes through the cylinder walls and is
removed by the cooling water circulating
through the engine water jacket, a further
small amount, 5-10 per cent, is removed by
the lubricating oil and passes to the oil cooling
system, whilst relatively insignificant amounts
are lost by radiation and convection from the
engine itself (wild heat), although if one is
working near a diesel engine one may be
inclined to doubt this.

We have already seen that the diesel engine
and its associated generator constitutes a
mechanical system that is not easily simulated,
therefore the present tendency is to carry out
tests on the complete assembly and load the
electrical generator by suitable means.

Here arises the first difficulty for what con-
stitutes suitable means? A curious trait of
both electrical and mechanical engineers is
that their thoughts turn immediately to devis-
ing ways of putting the surplus electrical
energy to some useful purpose. Common-
sense  analysis soon shows that the
difficulties of doing so far outweigh any
possible advantage to be gained. Tecn to
20 per cent of the output of the electrical gen-
erator could be used to power the auxiliaries
connected with the engine under test but this
is similar to pulling oneself up by one’s own
bootlaces. The ships’ generators of to-day are



60 Hz output and cannot be fed directly into
the local mains supply network even if the
Electricity Board regulations would allow of
this. A frequency converter would be neces-
sary, involving high capital cost, to overcome
this objection, however since engine tests com-
mence and finish without warning, other uscrs
would be most annoyed if their supplies were
cut off in the middle of their own tests, simi-
larly engine testers would be equally annoyed
to find their engine test loads increased or
decreased without warning by electrical power
users switching equipment on and off. Lighting
circuits, particularly those incorporating gas
discharge lamps, could not possibly be fed from
such sources because of the inherent danger to
personnel with any cessation of power unless
rapid change-over supply facilities were pro-
vided. In any event, even in the largest estab-
lishments, the cntire lighting load will not
excced a few hundred kilowatts.

As an electrical engineer it seems strange to
thc writer that everyone can evincc such
cnthusiasm to use the 20 to 30 per cent of the
input heat energy which is ultimately con-
verted to electrical energy and yet blissfully
ignore the considerably larger amount of heat
exhausted to the atmosphere via the cngine
exhaust and cooling systems. Heat transfer in
the cooling water system requires consider-
able evaporation of water, the heat being
used to provide the latent heat of evaporation,
and results in the loss of 12,000 gallons of
chemically treated water per diem at AEL
(approximately 54 tons!). No one has
yet suggested that the use of this waste
heat in conjunction with a heat pump
system might make the main heating
boiler redundant. In order to make use of the
surplus electrical energy from large diesel
engine generator sets it is unfortunate that
expensive capital equipment is necessary and
alternative permanent supplies would not be
rendered unnecessary as a result. The largest
load available would be limited to thc maxi-
mum demand of the establishment, assuming
no other supply bcing used, sufficient at AEL
only for one of the largest engines presently
under test. Such equipment would have a very
low factor of use, and without going into the
technicalities of electricity supply tariffs, cal-
culations show that the resulting cost per kilo-
watt-hour would greatly exceed the cost of
electrical energy supplied by the Electricity
Board even on the assumption that the elec-
trical power at the test generator terminals
costs nothing to produce. The low factor of
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use would result from the intcrmittent nature
of engine tests and the working hours of thc
establishment.

One possibility is that of using the surplus
electrical power to provide space heating
throughout the establishment, although natur-
ally advantage of such use can only be made
during the normal heating season, and then
only as a substitute for existing permanent
heating, and not as a replacement. Use has
been made at AEL of the surplus electrical
energy for extra heating in workshop and
experimental areas by locating resistance load
bank units inside buildings, initially as a boost
to existing heating systems of insufficient
capacity, later when the main hcating boiler
was put out of action during a particularly
cold spell and emergency measures were taken
to prevent the closing down of the establish-
ment whilst boiler repairs were carricd out.
Considerable modifications to the load banks
are necessary to allow ducting of the heated
air either within the building or to the extcrnal
atmosphere as required viag an aperture in the
building roof or wall. Another approach in-
tended for future investigation is that of using
electrode boilers raising steam at 150 p.s.i. for
direct injection into the main steam heating
system. Advantages of this method include
the large steady load available (during the heat-
ing season) and utilisation of electrical energy
whenever available, regardless of thc period
of availability.

Mention was made at the beginning of thc
article of the large lead-acid battcry installa-
tion at AEL, the largest in Europe. Considera-
tion has been given to the use of this battery
as a load with the apparent advantage of stor-
ing the electrical energy. Here the main dis-
advantage is that one must commence with
a battery in a discharged state, whilst thc
experimental sections which make usc of the
battery installation always require it to be
fully charged for test purposes. Nor can a
battery easily be arrangcd to provide a con-
stant load, for the charging current must be
progressively reduced as the charge approaches
completion in order to avoid damage to the
cells, and of course a large rectifier is neces-
sary to convert the generated alternating cur-
rent to the direct currcent required for charg-
ing the battery. When the battery is fully
charged no further loading can be available
until the stored energy has been dissipated. It
would be necessary also to step up the gener-
ator output to the normal high voltage neces-
sary for the input of a large rectifier by means
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of a suitably rated step-up transformer—an
expensive and bulky item. It is evident, with-
out further discussion, that any method involv-
ing storage of electrical energy is of little prac-
tical use for long term engine testing. Addi-
tionally shared facilities are not designed to
improve relationships between users since
relative priorities become a constant source
of irritation.

Having discussed some of the difficulties of
utilising the surplus electrical energy available
from diesel engine-generator sets under test,
we may now turn to methods of converting
the electric power to heat and discharging
this directly to the atmosphere or via a cooling
water system and heat exchanger. One of the
carlier methods of dissipating large amounts
of electrical energy is by connecting the gener-
ator to large plates, generally of steel, and
submerging these in water. By adjusting the
submerged area of the plates and the distance
apart, the power dissipation may be adjusted
to the required value. It is a very cheap method
but is messy in use because of corrosion pro-
ducts and results in a great deal of steam if
an unlimited amount of water is not available.
Unwanted corrosion too may be set up in
nearby structures by earth leakage currents
unless precautions are taken, and the safety
factor is low. The method does not lend itself
to precision loading for the power dissipated
varies considerably with the temperature and
conductivity of the water, however it is cheap
and useful in an emergency.

Similar in use and effects, and also of low
initial cost, is the use of steel tape immersed
in water as a resistance load. The water merely
acts as a heat removal medium but it also
rapidly corrodes the steel tape, especially in
hard water areas consequently the method is
of little practical use except in an emergency.
Another method, useful for very large currents
at low voltages, is the use of iron or nickel-
steel tubing as a resistance element and pass-
ing water through as a cooling medium.
Nickel-steel tubing eliminates the large resist-
ance change with temperature associated with
the use of iron tubing. The generated heat
may be removed by the cooling water running
to waste or passing through a water cooler.
At low voltages corrosion products are not
troublesome.

None of the methods so far outlined is
flexible or precise enough for meeting the
conditions specified for testing engines today.
For many years at AEL natural air cooled
resistance elements in small units were

employed coupled as appropriate for the
required loads. Some of these units were of
a suitable size and shape to house a small
canine and were thus affectionately referred
to as ‘““dog kennels” except when the
insulation broke down or a sagging resistance
element resulted in the framework becoming
alive and causing a shock to the poor unfor-
tunate who unwisely made contact. On such
occasions much more descriptive terms have
been heard! As engines increased in power so
did the number of resistance units employed
until the need to economise on space became
paramount, in addition stricter safety precau-
tions dictated the use of resistance load banks
designed specifically for engine tests. Therefore
for many years prior to 1962 the standard
procedure, when a new diesel engine-gener-
ator was to undergo trials, was that the
required loads would be calculated for the
necessary tests on the particular generator, a
specification for the resistance load bank and
associated switch and control gear prepared
and submitted, financial approval obtained,
tendering action taken, and finally the load
procured and installed. The normal time scale
from start to finish on average would be
(a) One year to insert in the financial pro-
gramme (b) One year for tendering action,
acceptance, and manufacture of the load bank
(c) Three to six months for installation and
test of the loading facility.

Such was the situation when the writer
found himself made responsible, amongst
other things, for such installations. One of the
engines about to commence a test programme
was a Paxman YHA diesel engine driving a
350 kVA generator and the resistance load
bank units were already connected, having
been calculated on the basis of a quoted power
output from the engine. One of the tests
specified that the engine would continue to
run at 110°%, of nominal output but when the
extra 109, load was added to the normal full
load, the engine could not be induced to deliver
the extra energy. As normal the mechanical
engineers blamed the electrical engineers and
vice-versa, but eventually it was found that the
quoted figure for output was in error by almost
109%,. As a result the whole of the load bank
had to be re-calculated and modified, involv-
ing several weeks of work, before the engine
tests could be resumed.

Other disadvantages of the method just out-
lined were: The load bank had to be calculated
for five separate fixed sections corresponding
to the 259, 509, 75°%,, 100/, and 1109 loads



required for the engine load test programme,
each separate load section required an individ-
ual circuit breaker, together with an overall
full-load rated circuit breaker in addition, a
total of six. Thus a lot of electrical equipment
and cabling of large physical dimensions had
to be installed for each engine test programme.
At the end of the test programme the load
bank could not be used elsewhere without ex-
tensive modifications and in fact was normally
relegated to the scrap heap as being beyond
economical repair. All this expensive electrical
equipment could also stay unused for weeks
or months in the case of major engine failures,
and yet other test programmes might be at a
standstill because suitable test loads were not
yet available. Another serious problem was the
amount of time spent on these installations by
skilled tradesmen since two or three men might
take up to three months to complete the elec-
trical load installation and its control panel,
yet the engine test programmes were rapidly
expanding. This was a matter of some concern
for the craft grades at AEL were 309, under
normal complement at the time, and 40°/ of
the tradesmen were over 60 years of age, in-
cluding three men in their middic seventies !
Considering all these points convinced the
writer that he could evolve a system not only
to make better use of the equipment, but also
to reduce installation time and make it easier
for the engine test staff to make use of the
loading facilities.

In 1963 the opportunity occurred to put into
practice some ideas that the writer had in mind
regarding the provision and use of large electric
loads. A large forced-air cooled resistance load
bank intended for use on 220 and 440 volt
direct current circuits was condemned as be-
yond repair by the Navy Works Department
and consigned to the scrap heap, the engine-
generator set for which it was obtained having
completed all tests. The load bank had stood
outside for a very long time and presented a
very sorry sight, yet it seemed to the writer
that her: was a suitable vehicle to try out his
ideas on load banks providing the internal
resistance elements were suitable. Such was
the physical deterioration of the load bank
that inspection of the resistance elements was
only possible by chiselling off the screw-hcads
securing the metal panels to the frame. The
resistance elements were woven wire and
asbestos mats in an extremely delicate physical
state through the asbestos being saturated with
moisture. What was most encouraging however
was that the layout of the elements consisted

Resistance Loading: Aked 21

of two physically separated halves, series con-
nected for 440 volt and parallel for 220 volt
operation. Each half of the load was identical
and made of three well separated vertical
groups of resistance elements, and a quick
assessment based on the physical layout of the
resistance elements seemed to indicate a
reasonable hope of conversion to a three-pbase
alternating current mode of operation.

A small current at a reduced voltage was
passed through the load bank and as the water
was slowly driven off the asbestos regained its
normal physical strength and electrical insula-
tion value. Meanwhile calculations showed that
each resistance element was capable of approx-
imately 5 kw dissipation at 240 volts r.m.s. and
enquiries made of the manufacturer of the
resistance mats confirmed the estimate and the
suitability of the resistance units for the
purpose intended. Further inspection indicated
that the mechanical condition of the load bank
could be rectified fairly easily and that the
cooling fan motors were serviceable. Per-
mission was sought to investigate some form
of conversion and this was granted subjcct to
a strict financial ceiling.

Each vertical group was found to contain a
total number of 18 resistance elcments, i.e. an
overall total of 108 resistance elements (3 x 18
x 2) in the three main groups of the load bank.
This arrangement was therefore suitable for
a total power dissipation of 540 kw on a con-
tinuous basis. A great deal of thought was
applied in determining how to make the best
use of this load and in view of the imminent
requirement of the Mechanical Department
for a load of approximately 450 kVA it was
decided to draw up a design that could cater
not only for the various engine test pro-
grammes but would also be suitable for use
in the test programmes of the Switchgear,
Machinery, and other sections in the Electrical
Department. Because of the large physical
size and weight of the load bank and the
limited space available for locating the load
bank near the test positions, a decision was
made to locate it in a permanent position as
conveniently near to the test areas as possible.
A suitablc site was found in the main work-
shop area that could not be utilised easily for
experimental work and this site had the great
merit that a three phase supply was available
for running the cooling fans. In addition the
heat produced would be a welcome addition
to that provided by the normal heating system
which at this time was awaiting a modernis-
ation programmc. With the addition of a short
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FIG. 1. Block diagram 540kVA Resistance Load Bank.

length of trunking from the top of the load

ba

nk the waste heat could alternatively be

directed through a convenient aperture in the
roof glazing.

A list of the desirable features of a universal

resistance loadbank was drawn up as follows:

(a) Local or remote control of load setting
without the use of connecting links or
archaic knife switches.

Operation on 440 volt 3-phase 50 - 60 Hz

alternating current supplies in either

delta or star mode of connection and
also 440 volt or 220 volt direct current
supplies.

(c) Connection of the appropriate experi-
mental supply to be by use of one main
alternating current circuit breaker and
one direct current circuit breaker only.

(d) Load bank to be equally suitable for use
with engine trials, or for ordinary load-
ing conditions, without modification.

(¢) The maximum electrical loading of the
resistance load bank to be approximately
500 - 600 kW.

(f) Five electrically isolated main sections
of equal loading to be provided, corres-
ponding to steps of 25%, 50%, 75%,
100%,, and 110, of full load rating for
engine test generators.

(g) Infinite resolution of electrical loading
from zero to full load.

(h) Indication at the load bank and at the

remote test site control panel of the

electrical loading setting in use.

Indication of all circuit conditions e.g.

phase voltage, phase current, test supply

frequency, power factor, and total
power dissipation to be displayed on
meters mounted on the control panel.

(b)

®
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(j) Automatic shutdown of equipment in
the case of cooling fan failure.

(k) Automatic disconnection of the load
bank three phase, and the control panel
single phase supplies in the event of
failure of the continuity of the earth
lead between the load bank and the
control panel, with indication of the
healthy state of this conductor and also
its failure state.

(1) Control panel to be capable of remote
control working up to a distance of 100
yards from the resistance load bank.

(m) Indication of the energised state of any
controlling contactors used in the load
bank to be given at the remote control
panel.

(o) Emergency shutdown control switches

to be fitted both at the load bank

position and the remote control panel
position.

All circuits in the control panel to be

electrically isolated with the control

panel switch in the * off > position.

The cost of automatic load changing

and remote control to be kept to a

minimum, and a maximum use made of

naval stores items in any conversion of
the existing resistance load bank.

(r) Application and removal of electrical
loading to be initiated from the control
panel only, in order to avoid potentially
dangerous conditions which could pos-
sibly arise with dual control.

(§2))

@

The scheme finally adopted is shown in

Fig. 1, the final configuration being decided
by the electrical components available and

the requirements listed previously.



Each of the three main groups of the resis-
tance loading elements was allocated to a
separate phase to prevent the possibility of
inter-phase shorts. The best arrangement of the
load steps proved more difficult to arrive at
since the ideal solution would mean contin-
uously variable loading from the minimum to
the maximum values. A compromise solu-
tion was reached by arranging that any value
of load could be obtained by suitably propor-
tioned steps with a vernier adjustment to
arrive at the exact valuc. As it was desired to
have five cqual and distinct stages of loading
corresponding to the percentages steps used in
the engine test programmes, each stage load
maximum was limited to 105 kVA, this left
a single 15 kVA section sparc. The subdivision
of each stage was arranged in 3 x30kVA
sections, and a 1 x15kVA section, thus the
maximum loading of 105kVA could be
reached in increments of 15 kVA by selection
of the appropriate steps. The preferred
arrangement of 1 x 60 kVA, 1 x30kVA,1x15
kVA sections could not be cmployed owing to
the disproportionate cost of a 60 kVA capacity
contactor. In order to get the infinite resoltu-
tion of loading the easiest solution appeared
to be the use of a motorised variac trans-
former of 15kVA rating connected to the
spare 15 kVA section to obtain the continuous
variations from 0-15 kVA necessary to cover
the whole range of 0-540 kVA in 15 kVA steps
with a final vernier adjustment of 0-15kVA
at any point. The cost of having a vernier
adjustment for all five stages was not at this
point considered justified because of the high
cost of three phase variac transformers of this
rating. Thc maximum error possible would
only be +=7-5 kVA for a given loading and this
could be corrected for by a very slight voltage
adjustment of the gencrator under test. The
single vernier adjustment could be used, for
a more critical application, at any point
chosen. For use in the development and test-
ing programmes of the Electrical Department
where single value resistance loads are normal,
the resolution would be infinite and the resis-
tance loading could be adjusted to the exact
value required for a particular test.

Having decided on the partic-
Load Bank ular configuration to be cm-
Modifications ployed, details of the physical

dimensions of thc proposed
contactors were obtained. It was found that
by arranging the contactors along the top of
the load bank it would be just possible to
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accommodate the number of contactors re-
quired in a single row, with the connections
running from the top of the resistance sections
to the contactors in a short direct run. This
was essential as the insulation of conductors
at this point would be difficult owing to the
high temperatures obtaining at the top of the
load bank and mechanically stiff sclf support-
ing bare conductors were desirablc. An
asbestos insulated sleeving would have to be
employed where reduced spacing between con-
ductors made this necessary and ceramic
beads at some othcr points.

With this layout the changes from the
original connections to the ncw arrangement
were found to be surprisingly fcw and in the
event took only a few hours to effect the
changeover. The 15 kVA motoriscd variac
transformer required was fitted in the basc of
the load bank and situated in the path of the
incoming cooling airstream. An indicator
panel was affixed in a prominent position on
the load bank with indicator lamps, operated
by auxiliary contacts in each contactor, the
energising current being supplied from a six
volt tapping on the 240 volt operating solenoid.
Fig. 2 shows the modified load bank with the
large trunking fitted on top.

This control console (see Fig.
3) was designed as a two-part
unit consisting of a top half
comprising a vertical panel
carrying all the instrumcntation at eye-lcvel
for accurate reading, and a sloping panel with
the operating controls arranged for ease of
manipulation and access. This unit could be
stood on a bench or on the base of the console
which was fitted with drum storage for the
100 yards of control cable containing 60 cores.
This cable is quite heavy and bulky and the
drum storage enabled thc cable to be neatly
stored when not required and only the required
length of cable needed run out when in use.
A removable handle was fitted to the drum
storage unit to wind the cable in and out as
required. The weight of the cable was useful
in stabilising the control console which was
arranged to be approximately S5ft 6in. in
height. The whole assembly was fitted with
rubber tyred wheels for ease of transport from
one test site to another. The reason for the
two part construction was that it was not
known at the time which method of use would
be preferable but the passage of time has
shown that the preference for a console is
universal, mainly becausc of the ease of trans-

Control
Console
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FIG. 2. Converted Hedin 540 kW
Resistance Load Bank.

FIG. 3. Control Console for Hedin Resistance
Load Bank with 500 kVA A.C. Generator.

port and the facility of placing the console
in any convenient position. A multi-way plug
was fitted to the end of the cable for connection
to the load bank, this cable carries all the
interconnecting control circuits. It was
intended to derive the control unit energising
power from a local mains socket at the experi-
mental item test site but this method was
later abandoned in favour of concentrating all
the supplies needed at the load bank position.
This meant that the load bank could be
electrically isolated locally for any maintenance
work without fear of the load bank being
energised without warning from the remote
point. In addition a key-switch was fitted to
cut off all supplies at the console to avoid
unauthorised interference with the controls.

An arrangement of five vertical rows of press
switches fitted with illuminated press buttons
was fitted to the control panel. Each vertical
row of press switches controlled one stage
of 25°%, loading and was used to set the resis-
tance load bank to the power level required.
A further press switch was used to connect
each stage total into the circuit with a final
summation press switch controlling a contactor
to provide the simultaneous energisation of all
the selected contactors for a given load setting.
Three illuminated press switches were fitted
for the variac transformer connection and
control of the vernier loading up or down as
desired. Two further press button switches
control the supply to the cooling fans, with
a protective circuit fitted at the load bank so
that in the event of the fans failing to start
or ceasing to run with the load bank in oper-
ation, power dissipation in the resistance load
cannot then take place. After some deliberation
it was thought that the best protection would
be given by the use of pressure operated
switches situated in the cooling air stream.
At the base of the sloping control panel a
long bar, boldly marked EMERGENCY —
PRESS, controls a switch fitted to remove all
energising supplies. A slight pressure on the
bar at any point is sufficient to de-energise
the control unit and remove the resistance
loading from the test circuit. After this emer-
gency operation the control unit has to be
re-energised by a pressel-switch on the vertical
panel, and as this needs a deliberate action on
the part of the operator there is no danger that
the load will be connected again without
consideration. A large press-button switch
coloured red is fitted at the control load bank
for local emergency action.



The preceding pages outline briefly the
conversion of the old load bank, the design
details of the control console, the safety
features incorporated, and the philosophy of
the new technique.

When first introduced some
Resistance years ago the new system was
Load Bank not enthusiastically received
in use because the operators normally

had a packaged control scheme
but this attitude quickly vanished when the
ease of control possible was realised. The con-
verted load bank was at that time the largest
power-dissipation load available in the Labora-
tory and it has since run under various
conditions for many thousands of hours with
no difficulty whatsoever. Maintenance has been
minimal and no replacements have been re-
quired except for a damaged plug on the
control cable. On one occasion the load bank
was programmed to load three separate experi-
mental items on a shared basis over a 24 hour
cycle, the appropriate switching being per-
formed by a clock controller.

The concept of setting up the
resistance load bank in the
manner described has resulted
in the following advantages:-

(a) A large saving in money by not using
expensive circuit breakers for each
engine under test.

(b) A great saving in time and skilled labour
by not having to adjust the loading con-
ditions by means of manually operated
knife switches or links on a terminal
panel for each individual experimental
item.

(c) The improved safety factor through not
having to require men to change links
or operate knife switches with the cir-
cuits energised.

(d) A great saving in time and skilled labour
in making up loads for large scale tests.

(e) A large saving in money by not having
to purchase load banks for specific ex-
perimental items.

(f) A great saving in time and skilled labour
through the facility of load-setting
ai the location of the experimental item,
where this operation is best carried out.

(g) The ability to switch the use of the load
bank from one experimental item to
another in a few minutes.

Advantages
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(h) A substantial reduction in the number
of heavy cables connecting the experi-
mental item to the load bank.

(i) Control of the load bank by relatively
unskilled staff is possible after a short
period of instruction.

() The load bank may be situated in any
convenient position.

(k) Indication is given of the amount of
loading in usc at any instant both at the
resistance load bank and at the remote
control point.

Fig. 4 illustrates the 350 kw
Manual resistance load bank for the
Adjustment of Paxman YHA diesel engine.
Load Banks It is in three separate sections

and each section is set to the
required load level by a link panel shown in
Fig. 5 (left). Fig. 5 (right) shows a rather more
complicated load adjustment panel for a 220
kw DC or single phase AC resistance load
bank. The inconvenience of walking back and
forth between the engine test cell and load to
make adjustments can be imagined. From a
safety point of view the method leaves much
to be desired since the power could be applied
whilst adjustments were being made. With the
remotely controlled load setting method, the
engine tester need not even know where the
loads are situated and is not subjected to
onerous conditions when making adjustments
nor exposed to the risk of electrical shock.

The prototype control system
Later Designs design described had to be

tailored to make use of the
resistance load bank available for conversion
and it was fortunate that the alterations needed
were relatively easy to carry out. The difficul-
ties associated with the original conversion
were accepted and it was not possible to obtain
the most favourable values for the increments
of loading.

It was clear that a more sophisticated version
would be quite practical without increase of
cost if the resistance load bank was arranged
to meet the control system requirements more
closely. The specification of such a resistance
load bank and its associated control console
was drawn up and submitted to three firms,
at least one firm was willing to manufacture
such a resistance load bank and its control
console providing that the technical details of
the control circuits of the prototype were pro-
vided in order to avoid the otherwise necessary
development costs.

S S e 0t A A AN O L L Y
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FIG. 4. 350 kW Resistance Load Bank
for Paxman YHA Diesel Engine.

FIG. 5. Typical Manual Controls for Resistance
Load Bank adjustment.

Fig. 6 illustrates the load bank resulting
from the specification and its associated control
console. Whilst all circuit conditions are in-
dicated on the instrument panel, laboratory
instruments of higher accuracy are used to
measure the experimental power levels. Rated
at a nominal 550 kVA at 450 Volts 3 phase,
this load bank was the largest ever made by
the firm who secured the contract, and the
load bank had to be brought to AEL for test-

FIG. 6. BERCO 550 kW Resistance Load Bank

ing and commissioning since the firm was
unable to provide the amount of electrical
power necessary for test purposes. Apart from
a few initial teething troubles the load has
proved a most useful addition to existing
facilities. Less than half of the load bank
cubicle is occupied by the resistance load ele-
ments, the remainder is used for the cooling
fans and motors, five motorised variac trans-
formers, and control gear.

A two megawatt load bank has recently been
manufactured to the writer’s specification,
based on the use of four separate units of
500 kVA capacity, with arrangements for the
addition of a fifth unit in the future, all the
units being controlled from one single console,
(see Fig. 7). It has been found that a nominal
500 kVA unit is the most versatile for use in
the Laboratory and is convenient for handling
on site.
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FIG. 7(a). 2000 kVA Resistance Load Bank.
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FIG. 7(b). Load Bank Unit.

Fig. 8 shows a 0-75 megawatt load bank de-
sighed for either pulse or continuous direct
current loading where the associated circuit
inductance had to be of a very low value. The
load bank contains two resistance load units
of 0-:375 megawatt capacity each which consist
of a numbcr of nickel-steel tubes of small dia-
meter and wall thickness approximately twenty
inches in length and connected in parallel to
two headcr connections for the cooling water.
The overall diameter of the assembly is only
31 in. hence the physical volume of the units
is extremely small in relation to the power
dissipated. However, the necessary control
equipment, water pressure boost pump, fail-
to-safe features, and isolating switchgear takc
up a great deal of space and the resulting load
bank becomes large and heavy. Also it must
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FiG. 7(c). Press Button Control Panel Layout
0-500 kVA per unit.
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FIG. 8. 1-5 megawatt Resistance Bank for pulse
or continuous loading. (Manufactured by Brentford
Electric Ltd.)

be remembered that the generated hcat has
to be dispersed and heat exchange facilities arc
therefore required. Power levels of this order
result in a considerable amount of heat which
in turn necessitates the use of heat exchange
equipment of large size. Unless large amounts
of cooling water are available at low cost, the
small physical volume and relatively low cost
of the water cooled nickel steel tube load is
more than counter-balanced by the additional
cost of the cooling towers necessary, whilst
the necd for piped water of good quality and
high pressure is a limiting factor when siting
the load bank. These loads are easily damaged
by overload or loss of cooling water as thc
resistance tubes have little thermal inertia and
any failure is spectacular and catastrophic.
Furthermore the flexibility of adjustment is
inferior to the air cooled resistance type, being
limited to simple divisions such as %, 1, and
full load by series and parallel connection of
the load units, the preferred arrangement being
that two units are connectcd in series such that
the cooling water enters and leaves the units
at earth potential to ensure electrical safety.
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From an inductance point of view the multi-
parallel circuit paths of the tubes reduces the
self-inductance to a very low amount, typically
a fraction of a milli-henry. The load bank
shown in Fig. 8 is guaranteed to have less than
0-1 milli-henry at the input terminals.

As most readers will be aware,
Power Factor normal AC power circuits on
and Inductive board ship do not run at the
Reactance unity power factor that the

resistance load banks present
to a generator. For purposes of merely pro-
viding a load for the diesel engine the resis-
tance load bank is sufficient; if however the
generator is to be tested for its electrical per-
formance in addition then inductive reactance
is necessary. Leading power factors require-
ing the use of capacitative reactance for simu-
lation are never met with on board ship. Gen-
erally speaking an AC generator is rated by its
power output at 0-8 power factore.g. 1250 kVA
at 0-8 P.F. Such a generator will put 1,000 kw
of useful power into a circuit of 0-8 P.F. and
yet have sufficient current carrying capacity to
include the lagging current component caused
by any inductive equipment, e.g. squirrel cage
motors etc. Whilst the lagging current does
not contribute power to the circuit nevertheless
the connecting cables and windings of the
generator must be able to carry the idle cir-
culating current and be rated accordingly.
Those readers wishing to know more about
the testing of electrical generators are referred
to Standard Electrical Specification No. 2,
“ Rotating Electrical Machinery for use in
H.M. Ships .

The provision of reactance to give 0'8 P.F.
is not as easy as the provision of resistive load-
ing, since the reactances required are bulky,
very heavy, and very expensive. The largest
reactance at AEL is 585kVA at a 24 hour
rating, is 9 ft. in height, 5 ft. in diameter and
weighs 525 tons. Although it has a number of
tapped windings it is never easy to get the
exact value of reactance required whilst the
switching requirements for inductive reactance
are much more severe than for resistive loads.
Tt is preferable to select the value of reactance
required whilst off-load circuit conditions
cbtain. In order to provide inductive reactance
for 04 P.F. levels at the megawatt levels it is
necessary to design and install a permancnt
installation and site it as near to ths engine
test cells as possible at the  Centre of

Gravity ” of the generators under test to
reduce the cost of the heavy cables used. The
main reasons for a permanent installation are
(a) the extreme weight of the inductive
reactances (b) the need to contain the large
quantities of insulating oil, used to cool the
reactances, in the case of leakage of oil through
failure (c) the associated heavy switchgear.
Pyrotenax mineral insulated cable is preferred
for connection purposes to reduce the risk of
fire and the damage from fire. As these cables
can be run at elevated temperatures without
detriment, the cross-sectional area of the con-
ductors can be appreciably reduced compared
to convential cables which require derating
when run in close proximity.

Future Requirements

Looking into the future it appears that
loading levels of approximately ten megawatts
will arise. It is difficult to visualise any new
method arising for the dissipation of electrical
energy and improvements are mainly sought
to reduce the space required and to improve
the efficiency of operation of the loading
systems. Safety is of paramount importance
when dealing with these large power levels and
the operating procedures must be foolproof,
nothing must be left to chance. In other words
safety must be an inherent part of the system
and not made the responsibility of the individ-
ual operator. It is also true to say that
requirements are becoming more critical as
the performance of automatic voltage regula-
tors and electronic governors associated with
diesel engine driven generators steadily im-
prove, for whereas the earliest design of the
author switched large amounts of load using
numbers of cheap small contactors, the more
stringent switching requirements mean that
the contactors can now only be used to pre-
select the required load level and the final
power connection be made via a large circuit
breaker. The operating time of individual con-
tactors vary slightly and when testing a highly
sophisticated automatic voltage regulator such
as QUAVER, the step of load application and
removal is not sharp enough with numbers of
small contactors connecting a large load.
Ultimately it will be necessary to ensure
simultaneous closing and opening of the con-
tacts in each phase of a circuit brcaker and
also point of wave sclection to open and close
the load circuit at the precise point desired in
a voltage or current waveform. At present the



precise instant of opening or closing of the
load circuit is fortuitous and this may be re-
flected in the test results. Therefore, it appears
that there is still room for improvement even
in such mundane equipment as the large loads
described.

The amount of such improvements will
depend on the demand and the money avail-

Sam Bolshaw retired on January 3rd, 1972
from his post as Chief Scientific Advisor to the
Director General Ships. After his early training
with Messrs Automatic Telephone & Electric
Co. Ltl., Liverpool, he spent some years in
the Power Transmission Laboratories of the
Central Electricity Board working on the de-
velopment of the Supervisory Control Systems
for the Central Scotland, North West, South
West and South East areas. He entered
Admiralty service at ARL Teddington in 1939
as a Technical Assistant, Grade 1I. His rapid
rise to Chicf Scientist in a space of less than
20 years speaks volumes, both for his own
ability, and for the perception of the RNSS in
recognising and rewarding efficiency on the
job.

After assimilation into the RNSS as an SSO
in 1946, he joined the select band of experts
who did so much to establish the pre-eminence
of the Royal Navy in the field of weapon
control. His drive and skill at getting the best
out of staff were recognised at the Admiralty
Gunnery Establishment. By 1949 he was in
charge of B Group, whose activities included
the development of the control system for the
first beam riding ground to air missile test
vehicle (RTVI), the control of Pentane—the
first homing torpedo—and the master stable
clement for Radar Type 984.

In 1952 he was promoted SPSO and trans-
ferred back to ARL, to take charge of Z
Group. This was a new group formed to deal
with the eddy current problem in minesweepers
and the sweeping of pressure mines. Having
successfully demonstrated solutions for both
of these problems, he spent 1955 at the
Imperial Defence College and was subsequently
appointed Deputy Director (Engineering)
under Colonel Kerrison, the Director of Engin-
eering and Materials Research.
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able. One of the original ideas considered was
the use of a radio control link to eliminate the
control cable and enable the engine operator
to move freely round the engine under test
whilst switching loads, another was the use of
control equipment to automatically select and
switch loads to an arranged programme, but
these have not been further developed to date.

During the next two years hc stimulated the
exploitation of high damping alloys for Naval
purposes and the basic work on the waterside
attack of diescl engine cylinder liners, which
culminated in the Development of the oil
cushion piston.

With the formation of Ship Department,
Mr. Bolshaw was appointed Chief Scientific
Advisor to the Director General Ships with a
seat on the Board of Ship Department. During
the last 12 years in Bath, while working in an
environment dominated by the day to day
problems of procurcment, he has consistently
and successfully fostered the scientific mcthod,
by his insistence on quantifying facts by
rational analysis before lcaping to conclusions.
To work for him was a joy because, provided
one had done one’s homework, he would give
every possible support.

Mr. Bolshaw would go to extraordinary
lengths to resolve the difficulties of a subor-
dinate, whether these difficulties were technical
or administrative.

With all his pragmatism, he was often ahead
of his colleagues in exploiting and developing
new techniques. His pioneering drive in such
diverse fields as superconducting motors, high
power-density hydraulic machinery and the
application of modern control techniques to
ships and machinery has left the Navy with
permanent assets.
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A HISTORY OF THE TORPEDO
PART |—THE EARLY DAYS

G. J. Kirby, B.Sc., F.R.A.S., R.N.S.S.
Admiralty Underwater Weapons Establishment

Abstract

The developnient of the torpedo is traced from the fireboats of the six-
teenth century, through the first Automobile Torpedoes of Robert Whitehead
to the wmodern sophisticated underwater guided weapon. The history is
traced over the course of four articles.

The Torpedo fish is an electric ray capable
of delivering a stunning shock to its prey and
in the eighteenth century an American, David
Bushnell, first applied the name to a weapon
of his invention. This first torpedo was simply
a mine which was attached to the hull of a
ship and exploded either by remote control or
by a clockwork fuze. The name was also
applied to floating mines and even blazing
barrels of pitch carried into harbours by the
tide. Within this general application of the
name the history of the torpedo up to about
1860 is synonymous with the history of the
mine. In order to give a continuous account
of the torpedo’s development we will go back
to Roman days and note the use of fireships
to destroy enemy fleets. The use of drifting
weapons of destruction, powered by the ocean

Geoff Kirby graduated from London

University in 1960 and worked for currents, is not so very far removed from
six years with the UKAEA carrying destructive weapons powered by other means
out fluid flow and boiling heat as in the present understanding of the name

transfer research as part of the
power reactor programme. Trans-
ferred to AUWE, Portland in 1966
since when he has been employed
on torpedo research problems as a
Senior Scientific Officer.

“ torpedo.”

This work has been undertaken as an extra-mural
project and the opinions expressed here are those of
the author and do not necessarily correspond to
those of the Ministrv of Defence (Navy).




The next stage in the sophistication of sea
weapons appears in 1585 when the Italian
Zambelli destroyed a bridge by means of a
drifting boat loaded with explosives which were
detonated by a clockwork delay fuze.

The first referencc to the idea of a self-
propelled underwater weapon appears in a play
by Ben Jonson where the following dialogue
occurs:-

“Thos.—They write here one Cor-
nelius Son hath made the
Hollanders an invisible eel to
swim the Haven at Dunkirk,
and sink all the shipping
there.

Pennyboy.—But how is't done?
Cymbal.—1I'll show you, Sir, it is an
automa, runs under water,
with a snug nose, and has a
nimble tail made like an
augur, with which tail she
wriggles betwixt the costs of
a ship, and sinks it straight.

Pennyboy.—A most brave device to
murder their flat bottoms.”

The Staple of News, Act iii, Sc. 1.

We next find David Bushnell on thc scene
again with his submarine, Fig. 1. This remark-
able one manpower vessel actually once sank
a ship. The operation of the boat is quitc
obvious from the diagram. The operator used
both hands and feet to control the forward
and vertical motion by means of screws as well
as operating a footpump and rudder. The
“torpedo ™ was a charge of cxplosive fixed to
a ship’s hull by means of the woodscrew illus-
trated and ignited by delayed action fuze. The
operator then cranked himself furiously away
from the area before the *“ torpedo ™ exploded.
The best documented attack by a Bushnell
boat was made against the flagship of the
British fleet sent to auell the unruly colonists
towards the latter end of the eighteenth cen-
tury. The submarine was successfully position-
ed under thc ship but the woodscrew failed to
penetrate the copper sheathing recently intro-
duced onto the hulls of British warships.

Robert Fulton, another American, developed
Bushnell’s submarine into a more workable
version named Nautilus. With this boat he sank
several ships during demonstrations but was
not very successful in selling his submarine to
the American Navy. Working successively with
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FiG. 1. Bushnell’'s Boat (1775).

the French against the British, with the British
against the French and finally with the
Americans against allcomers, he appears to
have been a brilliant inventor and an oppor-
tunist. A very glamourised account of Fulton’s
machinations at the end of the eighteenth
century recently appeared on B.B.C. television
as a children’s adventure series. Fulton must
however be credited with the development of
the submarine and its weapon, the mine, to a
point where it could be used in wartime.

Soon after Fulton’s work the name
*“Torpedo ”” became applied to a new class
of weapons and the development of the mine
continued on its own separate path. This new
weapon was the Spar Torpedo Boat ™.
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FIG. 2. British Spar Torpedo Boat.

Many forms of Spar Torpedo wcre used,
particularly during the American Civil War.
Nearly all types were basically the samc¢ and
consisted of a steam launch having an cx-
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plosive charge mounted at the end of a long
pole projecting ahead of the boat. Fig. 2 shows
a typical form as used by the Royal Navy®
around the 1880’s. The launch carried a small
crew one of whom viewed the external world
through a steel conning tower. The launch
approached an cnemy ship under cover of
darkness and placed the explosive charge
against the ship’s side and detonated it
electrically.

The spar torpedo was quite successful and
one of the most successful types was the
““ David ”’ boat operated by the Southern States
in the American Civil War. These carried a
60 1b charge on the end of a 25ft long pole
and the explosion was set off 6 ft below the
waterline. A crew of cight was used and the
boat ran awash. Indeed, it was fitted with
hydroplanes for brief dives but these were
often fatal.

Although spar torpedoes were extensively
used by the Americans, French, Russians and
Chinese, the British considered them “ unsport-
ing 7’ and were late introducing them. Indeed,
the spar torpedo arrived in Britain just as the
automobile torpedo as we think of it today
was entering service and thc spar torpedo then
soon went into a decline in popularity.

Because I wish primarily to cover those
aspects of torpedo development not covered
in the literature at present I will pass on from
the spar torpedo pausing only to mention the
Lay spar boat. This was controlled by a crew
of one. To each leg and arm was attached a
string and each string controlled a different
part of the mechanism! It scems quite a
knotty problem, and reminds me of the
apocryphal *‘ cat-guided bomb ™ supposedly
devised during the recent World War. The
cat, slung beneath a bomb dropped in the
vicinity of a ship, had strings running from
its paws to vanes on the bomb. Appalled by
the sight of water beneath it the cat pedalled
its way towards the “ safety ”’ of the ship and
thereby guided the bomb, via the moving
vanes onto the ship. It seems unlikely that the
idea could work but the Lay spar boat is
recorded with one ship sinking !

The spar boat was easily hit by gunfire and
therefore became unpopular. As a result the
automobile or *fish” weapon was invented
and I shall now begin the story of the weapon
known universally as the Torpedo.

Robert Whitehead was born at

Whitehead’s  Bolton in 1823, the son of the
Flash of owner of a cotton-bleaching
Genius business. He was apprenticed

at 14 to an engineer and there-
after travelled widely throughout Europe
showing the way to improve silk-weaving
machinery. In 1856 he became manager of an
Austrian engineering company, Stabilimeno
Technico Fiumano. The company was heavily
engaged in providing engines for the Austrian
Navy which was at war with Italy. It was
through Whitehead’s connections with thc
Navy that he was approached by a Captain
Giovanni Luppis who had an idea for con-
trolling a spar torpedo boat remotely by two
ropes strung out from the tiller. Whitehead
built a model but decided that the idea was
not viable.

He did however start to think about the
problem of setting off explosive charges
remotely below a ship’s waterline—this being
far more effective than abovc water bombard-
ment. In 1866 his ideas took shape in the form
of the first automobile torpedo.

The weapon was built with the help of
Whitehead’s 12 year-old son and an old work-
man. The exact form of this first weapon is
not known because Whitehead never revealed
drawings even many years later and refused to
describe the machine to inquirers. Eyewitness
accounts‘® describe it as blunt nosed “like a
dolphin ” with four long fins extending almost
along the whole body length. The engine was
driven by compressed air stored at 370 p.s.i.*
and regulated to approximately constant speed
by a simple valve. The engine is generally des-
cribed as a twin cylinder Vee but this probably
refers to the later models of 1868. The original
engine was based on two eccentric cylinders
having a sliding vane to divide the volume
into two parts. In this fashion the air pressure
caused direct rotation of the outer cylinder
which was coupled to the single propeller®’.

The weapon was designed to be fired from
an underwater tube and a constant depth was
aimed at by means of a hydrostatic valve acting
directly on the elevator controls. Azimuth
control was simply by means of trim tabs set
by trial and error over a 400 yards range at
Fiume. The weapon achieved about six and a
half knots to 200 vards and a further 100
yards at lower speed. The propeller speed on
this first weapon was about 100 r.p.m.

* Although keen on S.I. units I consider them
inapplicable here!



The depth keeping on this first weapon was
very erratic. Within two years two new
weapons had been produced which incor-
porated a device to be known for decades
aftcrwards as ““ The Secret.” This consisted of
a hydrostat-pendulum combination after the
fashion of Fig. 3. The simple hydrostat con-
trolled depth according to the law

':%2) &D()_D

where Dy, is the set depth and x is the distance
run. Such a control law has no inherent
damping and as a result the original weapon
oscillated wildly. The introduction of the pen-
dulum by means of the lever system illustrated
introduced an additional term in the above
equation proportional to pitch angle which is
very necarly proportional to depth rate. Thus
a damping term has been introduced. The
depth errors were found to reduce from
+40 ft to as little as +6in. Such was the
success of Whitchead’s *‘Secret”™ that it
remained in use virtually unchanged until the
end of World War II, a remarkable tribute to
a great Victorian engineer.

In 1868 Whitehead demonstrated two new
models before representatives of the Austrian
Navy; a 14in and a 16 in type. The weapons
carried wet gun-cotton warheads and achieved
speeds of about seven knots to about 700
yards. Fig. 4 shows the probable form of these
early weapons. The propeller is shrouded to
prevent damage and a large azimuth control
vane is at the rear. These two features were
soon to disappear however.
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FiIG. 3. Pendulum-Hydrostat depth gear of early
torpedoes.
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FIG. 4. Probable form of Whitehead
Torpedo (1868).

The Austrian Naval Officers attending the
trials were impressed sufficiently to ordcr
weapons to be produced but were unable to
buy the patent rights outright.

In the Autumn of 1869 Royal
British Navy representatives visited
Torpedoes Fiume and reported favourably
Enter Service on the weapons being tested.

As a result Whitehead was
invited to England to demonstrate the ability
of his weapons. He brought two types of tor-
pedo with him, a 16in. by 14 ft. carrying
67 lbs. of wet gun-cotton and a second wcapon
of 14 in. diameter and a littlc under 14 ft. in
length. This latter weapon carried a warhead
of dynamite weighing 18 Ibs. The table at the
end of Part | summarises thc main char-
acteristics of these and later weapons.

The weapons were fired either from the
surface or from a submerged tube built by
Whitehead into Oberon. Over 100 firings were
made during September and October of 1870,
the average weapon performance being seven
knots to a range of 600 yards.

As a grand finale a wooden coal hulk was
moored off Cockleshell Hard and surrounded
with protective nets. A 16 in. weapon with its
warhead charged by Professor F. A. Abel was
fired from a range of 134 yards. The weapon,
determined to demonstrate its potency, went
around the net and blew a hole measuring
20 ft. by 10 ft. in the old corvette and it sank at
once. Faced with such conclusive evidence of
the weapon’s capability the Royal Navy
ordcred a batch of Whitehcad torpedocs which
were received in 1870.

It was most appropriate therefore that one
century later a new torpedo trials ship should
have been launched with the name E.T.V.
W hitehead.

Two types of weapon were received from
Whitehead’s works at Fiume; these being
l14in. and 16in. diameter. In 1871 the
Admiralty bought the manufacturing rights
for £15,000 and production was started at the
Royal Laboratories, Woolwich the following
year. This sum of money seems very small for
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such an important weapon especially when
only a decade later a certain Mr. Brennan was
paid nearly 10 times as much for the rights
of an inferior type of torpedo.

The example of the Royal Navy was quickly
followed by the French, Germans and Chinese
and soon Whitehead was exporting his tor-
pedoes around the world. Several countries
started building their own pirated copies of
the Whitehead but these were notably unsuc-
cessful. The stringent specifications laid down
by foreign navies caused Whitehead to give
consideration to the improvement of perform-
ance. He appears to have regarded the weapon
as primarily for use in harbours against
moored ships. Under these circumstances a
speed of only seven knots is acceptable and
the main areas for improvements lie with the
accuracy of steering and the reliable opera-
tion of the impact fuse. However, the Ger-
mans specified a weapon performance of 16
knots to 550 yards. Whitehead carried out
various improvements including the replace-
ment of the twin cylinder Vee engine by a
three-cylinder engine built by Peter Brother-
hood, Ltd., of Peterborough. Thus by 1875 a
14in. weapon was produced having a per-
formance of 18 knots to a range of 550 yards.

In 1872 Whitehead bought the firm and
re-named it Silurifico Whitehead. A remark-
able feature of this story is the instant success
of the novel weapon. The very first experi-
mental torpedo worked well and was being
mass produced for export within four years.
An envious record for any new product !

With the introduction of the new engine and
contrarotating propellers (this latter by a
foreman mechanic at Woolwich) no significant
improvements were then made until the intro-
duction of the gyroscope for azimuthal steer-
ing in 1895. Fig. 5 shows the transitional form
of the weapon in about 1875. The extended
fins thereafter were not needed because of

FIG. 5. A selection of Fiume weapons
(c1874 - 1880).

the lack of roll forces. Fig. 5 shows typical
Fiume-built torpedoes of the 1880s period
with their pointed noses and small control
fins with the control surfaces placed aft of
the propellers. This latter feature distinguished
Fiume weapons from the Woolwich types
(Fig. 6) which carried the surfaces ahead of
the screws. The latter practice persists (unfor-
tunately) to the present time.

FIG. 6. R.G.F. Weapons (c1894).

Weapons of various types were produced
during the first few decades of the life of the
automobile torpedo. In particular, many
obscure types of unorthodox propulsion were
produced in the United States, as we shall see.
The Whitehead type did not however undergo
significant charge although many new Mark
numbers were introduced. Table 3 summarises
the main weapon types and their performances.
It can be seen that the improvements in per-
formance were steady and unspectacular.

The Germans, in addition to ordering White-
head torpedoes in 1873, began building their
own on the Whitehead principle. The firm of
L. Schwartzkopf—later the Berliner Maschin-
enbau A.G.—began making excellent tor-
pedoes in phosphor-bronze. The firm was soon
exporting weapons to Russia, Japan and Spain.
In 1885 Britain ordered 50 of these weapons
because the output at home and at Fiume
could not satisfy the demand. These weapons
cost £450 each which was £120 more than the
corresponding Fiume type (the 14 in. Mk. II).

The output at Whitehead’s works was con-
tinually increasing and Table 1 shows a sample
of his products.

In addition to the standard weapons
many special types were produced to the speci-
fications of foreign navies. In fact no less than
17 different types of weapon were produced



at Fiume in 1884 and Table 2 shows the coun-
tries to which weapons had been exported up
to 1881.

TABLE 1.
Extract from the Whitehead catalogue 1882.
Dia. Length Wt
(in.) ft. in. | Material (1bs) Cost
15 18 9¢ Steel 9044 £350
15 18 94 Bronze 9044 £380
14 14 6 Steel 647 £300
14 14 6 Bronze 647 £325
14 12 3 Steel 4981 £290
14 1243 Bronze 4984 £315
14 110 Steel 435 £280
14 11 1(0) Bronze 435 £300
TABLE 2.
Sales of Whitehead torpedoes up to 1881.
Country Type
16 in. 15 in. 14 in.
Argentine 40
Belgium 40
Denmark 58 25
Germany 103 100
England 254
France 105 113
Italy 70
Greece 30 40
Austria 100
Portugal 50
Russia 25 2115 10
Others 51 27

The 14 in. by 11 ft. weapon was built
originally to the specification of the Russians
who wanted a minimum speed output of 20
knots. This was achieved and all Whitehead
weapons exceeded this speed from this time.
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The speed improvements were made by
increasing the inlet pressure to the engine
(with consequent improvements to engine
details) and a corresponding increase in air
vessel pressure. By 1882 the vessels were being
built to withstand at least 1,500 p.s.i. and
Britain led the world in the construction of
bronze pressure vessels.

Figures for weapon range were not reliable
up to this time because range was not an
important parameter. Ranging at Fiume was
carried out from an underwater tube aimed
at a net 400 yards distant. The maximum run-
ning distance was only measured when
requested by a customer. After all, the chance
of hitting a ship decreases rapidly with range
because of the errors inherent in the weapon
and the aiming process so that there was little
point in firing a torpedo at a range greater
than about 400 yards even if the weapon was
capable of greater range. Thus the ranges
tabulated at the end of Part 1 are nominal
only but in many cases the maximum range
is not very much greater than the gquoted
value.

At about this time the Italians built their
own version of a Fiume torpedo but it ran at
only 7 knots. Whitehead rebuilt it and it
achieved 20 knots. As a result the Italians gave
up building their own weapons and bought
from Whitehead.

In external appearance the various weapons
were very similar. The torpedoes were often
built up with standard tail and nose sections
but with different middle sections. These com-
posite torpedoes each carried different mark
numbers but were in fact very similar in per-
formance. In 1883 a committee, set up to
examine various aspects of torpedo design,
carried out trials to test whether the nose
shape had any effect on weapon speed. The
pointed nose was assumed to cleave the water
best but the great hydrodynamicist Dr. Froude
advised that blunt head should show no dis-
advantage in speed performance and would
allow much larger warheads to be carried.

Comparative trials were carried out using
the Mk IV Fiume and R.L. Mk XI torpedoes
each fitted with blunt and pointed noses. The
tests showed that the blunt-nosed torpedoes
had a full knot advantage over the pointed
nosed version. This meant that heavier war-
heads could be carried without loss of pro-
pulsive performance and the ultimate in blunt
nose designs during this period appeared in
1909 with the American hemispherical heads.
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FIG. 7. Evolution of the Blunt-Nosed Torpedo.

Fig. 7 shows the development of the torpedo
shape to the form (in 1912) from which few
departures took place in the following four
decades.

During the period covered above the United
States had not taken advantage of the offers
in 1869 and 1874 to manufacture Whitehead
torpedoes under licence and followed an in-
dependent and generally unsuccessful develop-
ment programme of her own. This, together
with the extensive efforts in many countries
to develop rivals to the supremacy of the
Whitehead torpedo will be described later.

Whitehead torpedoes were be-
Last Cold ing manufactured at a con-
Compressed  siderable rate during the last
Air Whitehead 15 years of the 19th century.
Weapons. From Fiume the Silurifico

Whitehead was sending hun-
dreds of weapons around the world and many
more were being manufactured under licence
in foreign countries or being simply pirated.
A typical year’s intake to the Royal Navy is
listed on page 41 as an example of the activity
around this period.

The German Schwartzkopf firm were manu-
facturing about 400 weapons annually which
were sent to Spain, Ttaly, China and Britain (see
Table 4).

It was soon after the mid-1880s that torpedo
performance began to improve. This was
largely as a result of competition from
improved gunnery. Indeed, in 1904 the battle
of Tsushima was settled by gunfire at a range
of 6,000 yards and no torpedo could at that
time compete with such performance. The
torpedo’s saving grace was its ability to deliver
with stealth an explosive charge to the most
vulnerable part of a ship. Torpedo range was
increased by the introduction of the 18in.
Whitehead weapon in 1888 but not by a very
great amount; the advantage being taken
rather to increase the size of warhead.

Meanwhile at Woolwich torpedo perform-
ance improvements made the specially con-
structed canal too short and a new range was
set up at Horsea Island in 1888 and 10 years
later the Bincleaves range was set up near
Weymouth. In 1890 Whitehead opened his
factory at Weymouth which survived until
recently under the ownership of Vickers, Arm-
strong Ltd. In 1893 the Royal Navy decided
to transfer the torpedo works at the Royal
Laboratories to the Royal Gun Factory (thus
weapons became known as R.G.F. types) and
as a result the Weymouth works did not get
the British orders that were expected. Hence-
forth the Whitehead torpedoes produced at
Weymouth were mostly sent for export to
countries not able to manufacture their own.
Similarly, Whitehead had opened a factory
at St. Tropez at the same time as the Wey-
mouth venture and this also exported to coun-
tries such as Brazil, Holland, Turkey and
Greece. Some torpedoes from the Weymouth
works did enter service with the Royal Navy
especially during the 1914 - 18 war pcriod. The
last association of the works with the Royal
Navy appears to have been in the early stages
of the Mark 23 torpedo in the mid-1950s.

Whitehead always regarded his torpedoes
as primarily for launching from underwater
tubes. The Royal Navy however seems to have
favoured above-water firing devices. Under
water tubes can be placed either in the bow
where the ramming effectiveness of the ship
is weakened (ramming was a most popular
means of naval warfare in the 1870s) or they
can be placed across the ship for broadside
shots. In the latter position the torpedo experi-
ences a strong twisting force as it emerges
due to the water flow along the ship. A device
for overcoming this effect was invented by
Capt. A. K. Wilson, V.C. and consisted of a
guide bar projecting from the ship along which
the emerging weapon slid until free of the
disturbing effect of the ship’s motion. Another
device ejected a tube with the torpedo for a
distance of several feet such that the water
flow forces were taken by the tube and not the
weapon.

These devices were adopted by the British
but were not generally popular. The first above-
water launching was made by sliding a 14in.
weapon off a mess table out through a port-
hole and, having thus proved the feasibility
of the scheme, several methods were evolved
for launching weapons from a ship’s deck.
Most of the early methods consisted of a
simple frame for holding the torpedo over



the water and releasing it in approximately
the right direction. Light torpedo boats used
a frame which was lowered about 2ft. into the
water for launching.

The tube working on the pea shooter prin-
ciple was invented in about 1880. The weapons
were ejected by compressed air but within a
few years the propelling gas was generated
by slowburning gunpowder in granular form.
This remained the method of tube launch for
many decades; indeed the present deck-
mounted tubes work on exactly the same
scheme¢ but with different propelling cart-
ridges.

The British method of discharging torpedoes
from above the waterline was vicwed with
some concern by Whitchead. His son-in-law
and partner, Count George Hoyos, reported
after a visit to Britain that ‘““such delicate
weapors are not meant to be fired like shot
from 2 gun” but the weapons seemed to
tolerate their rough treatment for in 1879
thcre were already 33 British warships fitted
with launching equipment.

In 1895 came the first signi-
Introduction ficant improvement to the
of the torpedo since its invention.
Gyroscope Whitehead introduced the

gyroscope for azimuth control
using the typc invented by an Austrian,
Ludwig Obry. In this device a 131b. wheel
some 3in. in diameter was held in gimbals with
its axis along that of the torpedo. The wheel
was spun up to maximum speed 2,400 r.p.m.
by means of a pretensioned spring. The wheel
reached this speed bcfore the weapon left the
tubc so that the torpedo followed the aimed-
for track in the water irrcspective of the
impulsive forces acting on hitting thc water.
This greatly improved the overall accuracy of
firing and with the new device fitted it was
possible to fire to an accuracy of 1° thus enab-
ling a bzam-on target to be hit at a range of
about 7.000 yards—except that torpedoes at
that time had ranges not exceeding 1,000
yards.

This clearly provided a considerable impetus
for torpedo designers to incrcase perform-
ance. Thc original Obry gyroscope wheel only
contained a maximum of 20ft. - Ibs. of encrgy.
This had the effect of allowing the gyro to
tonple after an inconvenicntly short time of
running. The toppling was induced by thc
fact that the gyroscope gimbals werc required
to directly operate a rudder servo control.
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Whitehead soon introduced an intermediate
servo however which greatly reduced the
forces acting on the gimbals and the way was
then opened up for long range weapons.

The version of the Obry gyroscope supplied
to the United States was provided with an
angling gear which enablcd the weapon to
change course after firing, thus giving greater
flexibility in the firing procedure. This refine-
ment was introduccd into the Royal Navy in
1900.

The turn of the century saw a radical
change in torpedo design with the introduction
of the heated, or steam torpedo. This is there-
fore an opportunc time to study the torpedo
dcvelopment of nations, such as the United
States, who did not adopt the Whitchcad com-
pressed air method of propulsion.

FIG. 8. First United States Automobile Torpedo.

The Torpedo Test Station was
Departures set up in 1870 at Rhode Island,
from U.S.A. to work on spar tor-
Whitehead pedoes but in 1871 an auto-
Principles mobile torpedo was built, Fig.

8. this was built on the sup-
posed lines of the Whitehead weapons and
indeed the propulsive performance was
similar, i.e. 7 knots to a range of 300 yards.
The warhead was 70 to 90 1bs. of dynamite
or guncotton. Here the similarity to the White-
head torpedo ends for the American version
refused to run a straight course. This is not
surprising in view of the minimal control sur-
face arca provided. Another weapon was built
in 1874 but this was no more successful. The
air vessel was made of bronze in the latter
case because no American firm would undcr-
take to make a steel vesscl of sufficient
strength. The British were masters of the
forging and rolling art for pressure vesscls
at this time. The Japancse had many failures
in this respect and eventually bought their
pressure vessels from England.

Having failed to produce a working auto-
mobile torpcdo and having turned down two
offers of the Whitehead plans (one offer being
quite unofficial from an ex-foreman from
Woolwich—industrial sabotage at an carly
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age!) the Torpedo Test Station set about
building under the inventive eye of J. L. Lay,
an officer in the U.S. Navy, a series of strange
and generally unsuccessful weapons.

Most of the weapons floated and thus did not
have the ability to vary the striking depth at
the enemy ship. The Lay torpedoes floated
with only a few inches of hull showing and
were controlled by an opcrator by means
of electrical impulses sent down a wire.
The power unit was a gas engine driven
by compressed carbon dioxide and the
steering impulses transmitted down the wire
operated electromagnetic relays on the rudder.
The position of the weapon was indicated by
two flags or discs. Fig. 9 shows an early form
of the Lay Torpedo as built in the 1870s. A
later form used liquified C0, as the power
source with the liquid warmed in pipes
external to the weapon. Still later we find the
Lay-Haight weapon driven by gas generated
by thc action of sulphuric acid on lime. The
later weapons had their propeller near the for-
ward end of the hull partially recessed to avoid
damage. It also avoided efficient propulsion !

FIG. 9. Lay Dirigible Weapon.

Thesc weapons were never really successful
on account of their unreliability and vulner-
ability to gunfire. In a trial carried out off the
British coast for the Royal Navy the Lay
weapon heeled over badly so that the propeller
was only half under the surface.

Two Lay torpedoes were sold to the
Peruvian Government for use in the war
against Chile. In 1879 a LLay weapon was fired
from the Peruvian ironclad Huascar at a
Chilean ship. Half-way to the target the
weapon turned around and ‘ hurtled ” at 15
knots back at the mother ship despite the
frantic knob twiddling of the operator. The
ship was saved by the heroic action of a ship’s
officer who swam out to intercept the weapon
and deflect it. The relieved captain promptly
took the two weapons to a local graveyard
where they were buried—only to be later
exhumed by the Chilean rebcls !

The performances of the Lay torpedo
together with several other weapons of this
period are tabulated at the end of Part 1.

The vulnerability of these weapons was
overcome in the ¢ Patrick * and * Wood-Haight ’
torpedoes by suspending them beneath unsink-
able floats. These floats were either wood or
thin copper sheet cylinders containing water-
proofed cotton waste. The floats could be shot
again and again without sufficient buoyancy
being lost to sink the weapon. The propulsion
was by compressed carbon dioxide gas
expanded through a gas engine—usually a
three-cylinder Brotherhood type, similar to
the version used cxtensively by Whitehead.

The electric torpedo made its appearance in
about 1873 with the Ericsson which was pro-
pelled by sending power down a cable unreeled
from the weapon (Ericsson was the builder
of ‘Novelty’, one of the locomotives tested
at the Rainhill competition in 1829 at which
Stephenson’s ‘ Rocket’ was the winner.) A
direct development of the Ericsson torpedo
was the Sims-Edison which was similarly
powered down a trailing wire. A speed of 10
knots was attained using a Siemens motor
drawing 30 amps at 600 volts. Several versions
of this weapon appeared, all carried under a
large float and very similar in external appear-
ance to the weapon of Fig. 10, and the last
version built in 1889 carried a 400lb. warhead
to a range of over two miles.
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FIG. 10. Nordenfelt Wire-Guided Electric Torpedo.

The Nordenfelt torpedo, illustrated in Fig.
10, was invented by the great Swedish engineer
who also produced the first really successful
submarine. Motive power was from a vast
stack of batteries, the early version having 108
storage cells which produced 18 S.H.P. Guid-
ance was by means of electrical impulses
transmitted down a wire paid out from the
weapon. A British intelligence report of the
period described the early weapon as being
supported by a wooden float and carrying one
mile of guidance wire. The weapon described
by Sleeman'® and illustrated in Fig. 10 was
said to have been buoyant and held down by
the heavy fins. It is difficult to see how this
weapon could have remained upright. The



sloping edge to the fin was supposed to assist
the weapon to pass under torpedo nets. This
weapon, the forerunner of the present genera-
tion of wire-guided electric torpedoes, achieved
16 knots to a range (for the later version) of
two and a half miles.

Superheated steam was a popular means of
propulsion in the 1880s and the American
‘Hall’ torpedo was typical. Water at 550°F
and under high pressure was fed directly from
the boiler of the torpedoboat. Evaporation of
the water under reduced pressure provided a
propulsive performance comparable with con-
temporary Whitehead models. None of these
steam torpedoes reached the production stage.
largely because of the lengthy preparation
time required. Hall’s weapon had a strangc
roll control system based on a transverse
mercury-filled U-tube. Any rolling action of
the weapon caused wings to be pushed in and
out under the action of the mercury. The
wings were angled to provide lift in such a
fashion that the weapon maintained, in theory
at least, an even keel. Another superheated-
water weapon, the Paulson, was kept on a
straight heading by a mariner’s compass in
the nose. Electrical contacts on the compass
could be set just before launch and the weapon
followed that setting after launch.

FIG. 11. Cunningham’s Rocket Torpedo.

Rocket propulsion has been often con-
sidered even up to the present time. One of
the first automobile torpedoes built after the
Whitehead model made its appearance was
rocket propelled. Both the Weeks and the
Ericsson rocket achieved about 40 to 60 knots
to a range of 100 yards. Lt. F. M. Barber of
the Naval Torpcdo Station, Rhode Island, pro-
duced an underwater rocket in 1873. This was
7 ft. long by 1ft. diameter and weighed
287 Ibs. The warhead was 48 Ibs. of gunpowder
and the 51 1bs. of rocket fuel were stored inside
a cast iron tube wrapped in ashcstos and hav-
ing an outer casing of oak!

Mr. Cunningham, an American shoemaker,
built rocket torpedoes and once celebrated the
4th July by setting off onc of his torpedoes up
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the town’s main street. It shot off at high
speed scaring old ladies and horses and finally
came to rest in the butcher's shop where it
set fire to the icebox 10®

The Berdan (sometimes called the
Borden) was a rocket propelled floating tor-
pedo which towed another small weapon. Fig.
12 shows how the rocket ower was converted
to rotary power by means of a turbine acting
on a set of propellers. When the Berdan struck
the torpedo nets surrounding a ship the slack-
ening of the towline causcd the small weapon
to go into a programmed dive under the nets
and strike the ship under the keel — in theory
that is! British intelligence reports of trials
carried out bcfore the Turkish Navy indicate
that this weapon was not a success.
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FIG. 12. Berdan Torpedo.

Rockets were not the only alternative pro-
pulsion systems to challengc the conventional
propeller drive. One torpedo invented during
this period was propelled by an umbrella-like
contraption at the rear. This was operated hy
an oscillating shaft which opened and shut
the “umbrella” and so propelled the vehicle
rather in the fashion of a frog’s foot ! We must
not be too scornful of such outrageous devices
because nature has settled on that system for
frogs after many millions of years R & D
work. During the last war the Germans devised
a torpedo propelled by a flapping wing. This
was claimed to be at least as efficient as a
conventional propeller and much quieter.
Oncc again we can note that nature has used
this method for some time without complaint.
The advantages of blunt noses on torpedoes
might also have been realised earlier if the
first torpedoists had studied the salmon.

Only two torpedoes, apart from the White-
head patterns, went into successful quantity
production before the turn of the century. (The
Lay weapon was exported to Russia for har-
bour defence work but only in small quan-
tities). The Brennan torpedo was invented hy
an Australian watchmaker and was driven by
pulling two 18 gauge piano wires out of the
weapon. This was achieved by a steam winch
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mounted on the shore. The use of this torpedo
from ships was ruled out by the need for a
stable winch platform. The wires were unreeled
from two drums inside the weapon and these
dircctly drove the contrarotating propellcrs.
Steering was achieved by varying the relative
tension of the wires. This caused the weapon
to heel over and a compensating pendulum
applied steering control. Fig. 13 shows a later
version of this weapon where the drums were
on a common longitudinal axis. A depth con-
trol similar to that used by Whitehead was
installed. The performance of the Brennan
was 20 knots to a range of 3,000 yards—this
being considerably bctter than the contem-
porary Whitehead weapon—and the range was
only limited by the length of wire carried. The
weapon was used exclusively for coastal de-
fence by the Royal Engineers over a 20 years
period around the turn of the century.” The
huge Brotherhood winches were installed in
concrete blockhouses and the torpedoes were
run down to the water on rails. The derelict
remains of a Brennan torpedo station have
recently been discovered on the Thames
estuary®),

FIG. 13. The Brennan Torpedo.

A scandal blew up over the adoption of this
torpedo when the Government paid Brennan
no less than £110,000 for his invention and
paid him a vast salary to act as production
chief. Compare this sum with the miserable
£15,000 paid for the manufacturing rights of
the much more worthy Whitehead weapon
only 15 ycars previous.

Maxim, brother of the famous gun manu-
facturer, produced in the United States a wirc-
powered torpedo suspiciously similar to the
Brennan except in the detail of depth keeping.
The Maxim torpedo actually pumped water
into or out of a ballast tank. Such fanciful
devices are not confined to the last century.
In 1944 a torpedo was built in Britain that
varied its depth by pushing the main battery
to and fro to alter the position of the centre
of gravity.

Finally we will consider the Howell torpedo
which was the mainstay of the United States
Navy for 20 years up to about 1895 and was
a serious contender to the supremacy of the
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FIG. 14. The Howell Flywheel Torpedo (1892).
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FIG. 15. Howell Torpedo.
Whitehead torpedo outside the United

States®'V. Fig. 14 shows the appearance of the
weapon and Fig. 15 shows the internal con-
struction. The propulsive power was derived
from a heavy flywheel and transmitted to twin
propellers. The weapon was ship-launched
from a tube and the flywheel was spun just
prior to launching by a steam winch cxternal
to the launching tube.

A wheel speed of 12,000 r.p.m. was obtained
in the later versions of the weapon and with a
wheel weighing 130 Ibs. this gave a weapon
performance of 30 knots to 800 yards with a
dccreasing speed for a further 400 yards. This
was comparable with the Whitehead wcapons
of the same period (see the table at the end
of Part 1). This relatively good perform-
ance combined with simplicity of construction
and operation resulted in the Whitchead tor-
pedo not making its appearance in the United
States until 1892,

The Howell torpedo had three advantages
over the Whitehead apart from simplicity.
The weapon left no track, it did not vary its
trim and, more important, it kept to a straight
course. This latter was achieved by using the
gyroscopic action of flywheel. Becausc the
wheel axis was transverse any departure of
the weapon from a straight line caused the
weapon to heel over. This was detected by a
transverse mounted pendulum which was
directly connected to rudders which produced
a correction to the course and hence a right-
ing torque. This was in fact the first applica-
tion of the gyroscope to torpedoes. When the
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TABLE 3. Selection of cold air torpedoes.

Type Date W G V ‘ R Remarks
14 in. Fiume 1866 265 18t 7 200 Original model
14 in. Fiume 1868 346 40 7 200 )| | Models demonstrated
16in. Fiume 1868 650 67 7? 6002\ ' to Austrians
14in. RL Mkl 1875 530 26 18 600 First British make.
15in. Fiume 1882 904 94 21 800
14in Fiume 1882 498 ? 24 400 Built for Russians
14in Fiume 1883 ? 117 20 800 Largest 14in. warhcad
14in. German 1883 581 44 21 650 ¢ Schwartzkopf *
12in. Fiume 1883 272 33 21 200
14in. RL MkV 1886 660 58 24 600
18in. Fiume 1890 1236 198 30 800 First 18in. in Royal Navy
18in. Fiume 1906 1609 220 35 1000 Last * cold compressed air ’
in Roval Navy
W-—Weight, Ibs.
C - Warhead weight, Ibs. Guncotton except where t indicates dynamite.
V —Spced, knots.

R —Range, yards. Not necessary maximum range.

TABLE 4. Royal Navy intake 1886

14in. R.L. Mk V 200
14in. Fiume Mk IV 200

14in x 11ft. Fiume 2 Experimental
12in. Fiume 10 Expcrimental
14in. German 50

14in. R.L. Mk V 2 Built privately

Obry gyroscope was used in Whitehead tor-
pedoes in 1895 Howell started a legal battle
over patent rightst®,

The above weapons were departures from
the Whitehead compressed air principle but
one weapon, again the brainchild of Ericsson,
eliminated the heavy air vessel by supplying
compressed air through an 800 ft. hose. The
drag on the hose greatly slowed down the
weapon however.

Having taken the technical development of
the torpedo up to the turn of the century we
will finish this section with a look at the
aggressive use of the weapon. The first sink-
ing by a torpedo was during the Chilean revo-
lutionary war. Two Birkenhead-built torpedo
boats attacked the Blanco Encalada on the
night of April 23rd, 1891. The first boat,
Almirante Conte fired three Whiteheads at
the ironclad but these all missed. The second
torpedo boat, the Almirante Lynch fired
another salvo of three weapons and one hit.
The effect of the 58 1b. of guncotton in the
14 in. weapon was to blow a hole 15 ft. by 7 ft.
below the waterline. The ship sank immedi-
ately with the loss of 180 officers and men.
The ship had left her torpedo nets at port and
the water-tight doors were not closed. One con-
sequence of the explosion was the ejection of
the Captain, Don Luis Goiii, up a ventilation
shaft and into the sea where he was later scen
swimming ashore with one arm around the
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Table 5. Torpedo performances.

Type Date w C VvV R Remarks
14 in. Fiume 1882 498 ? 24 400 Typical Whitehead
18 in. Fiume 1890 1236 198 30 800 _Royal Navy’s first 18 in.
18 in. Fiume 1906 1609 220 35 1000 Last cold air weapon.
Types other than compressed air
18 in. Lay 1880 2500 200 16 4000 Compressed CO,,
22 in. Patrick 1886 6000 200 21 2000 Similar to Lay
16 in. Ericsson 1880 1500 300 61 100 Rocket
29 in. Nordenfelt 1888 5000 300 16 4000 . Wire-guided battery driven
14 in. Howell 1894 520 100 26 400 Flywheel drive
18 in. Howell 1895 700 180 30 1200 Flywheel drive
21 in. Brennan 1885 ? 200 20 3000 Wire powered

W — Weight in lbs.

V' — Speed in knots

R — Range in yards

C — Warhead weight in lbs.

ship’s mascot, a tame llama. The animal was
then taken as mascot onboard H.M.S. Warspite
until it was sent to the London Zoo in disgrace
for eating the epaulettes off an Admiral’s
dress uniform !

The Chinese had little success with their
Schwartzkopf weapons in the war of 1894
largely because theirs were fired at very long
ranges. Local fishermen recovered them from
the beaches and sold them back to the Chinese
for 100 dollars each. Such inefficiency is only
to be expected from officers who pawned their
ship’s guns in the ports!
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Part 2

Abstract

The history is continued with the introduction of
the ‘ heated * or ‘stearn ' torpedoes and the technical
developments during and following the Great War
are described. A connection with Julie Andrews is
established.

With increasing air pressures
The Heated it was found that freezing
Torpedo could occur on the expansion

phase of the standard com-
pressed air engine and as a cure heating was
introduced. This produced spectacular results
apparently to the surprise of the designers. It
is not clear whether the first effective heating
system was introduced by Britain or United
States. The earliest form was the ‘* Elswick
heater as patented by Sir W. G. Armstrong,
Whitworth and Company in 1904. Fuel was
sprayed into the air vessel of a conventional
weapon and ignited. The device was demon-
strated in an 18 in. Fiume Mk. I1I at Bincleaves
in 1905 before a distinguished audience of
British and Japanese experts. The weapon
speed was nine knots more than for the
unheated version. The system had the dis-
advantage of badly sooting the air vessel
however and large temperature excursions
could sometimes occur.

The Whitehead heater system, introduced
two years after Robert Whitehead’s death in
1905, mixed the fuel and air after the pressure
reducer so that only a small volume was
exposed to the heat of combustion. Even so
the combustion chamber had to be cooled and
for this reason water was swirled around to
the walls. The vaporisation of the water
greatly added to the energy available for pro-
pulsion. These systems became known as the
*“dry heater ”” and ** wet heater ™ respectively.
Although also known as ‘‘ steam  torpedoes
it can be seen that these wet heater weapons
were still primarily hot air driven with the
steam providing extra energy.

The engines then in usc had to be modified
to cope with inlet temperatures of the order
of 1,000°F by changing the valve arrangement
and adding a cylinder to give a four-cylinder
radial engine capable of 180 H.P. as shown in
Fig. 16.
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FIG. 16. Four-Cylinder Brotherhood
as used by Whitehead.

Radial Engine

Fig. 17 shows the layout of the R.G.F. wet
heater system and it can be seen that the water
supply pressure is used to force the fuel into
the combustion pot. Thus, if the water feed
should fail for any reason, the fuel would be
automatically cut off, thus preventing the
combustion pot from burning out. In fact, a
rather simpler system was invented in 1908 by
Engineer Lieut. Hardcastle and became known
as the R.G.F. heater.

wATER

e ® HE AR -

FIG. 17. R.G.F. Heater System.

The United States had taken up the manu-
facturing rights for the Whitehead cold com-
pressed air weapons in 1892 and Fig. 18 shows
the Mark I weapon produced in that year. The
Mark II and II1 weapons embodied slight im-
provements but the Mark V was the first to
carry a heater. Although the British had
experimented with a Parsons turbine as early
as 1899 and later with a Curtis type the results
were not encouraging and the four-cylinder
engine remained in vogue with British torpedo-
ists for many vyears. Mr. F. Leavitt, who
worked for the E. W. Bliss concern where the
Whitehead weapons were made under licence,
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regarded the Brotherhood engines as ““ corny ”
and set about building a Curtis-driven weapon
which became known as the Bliss-Leavitt
Mark I. This was accepted into the U.S. Navy
in November 1905. The propulsion was by dry
heater using alcohol as fuel without water
diluent. This latter was acceptable on account
of the relatively low calorific content of
alcohol. From this point in time until the
introduction of the electric torpedo during
the last war the U.S. Navy have stood by the
turbine and the British by the reciprocating
engine.

The gearing was to be a source of much
concern in later years when the noise of tor-
pedoes became an important feature of torpedo
detection and it was found that the tail gear-
ing was the primary source of high frequency
noise. The need for a relatively low inlet tem-
perature to the turbine also reduced efficiency
due to the use of either a low performance
fuel or water injection. The requirement to
carry a diluent (and hence reduce the payload
of the weapon, was overcome during the last
war when the Japanese injected seawater
directly into their turbines. This policy was not
universally popular however. The French in
fact were experimenting with a seawater dilu-
ent turbine engine in 1913 with which it was
claimed a 50 knot torpedo would be powered.
This does not appear to have materialised and
the French continued to rely on piston engines
at least for another decade.

In the period from the introduction of the
heated torpedo until the Great War many
attempts were made to improve weapon per-
formance but few of these experiments reached
service in time for the war. A contrarotating
direct drive turbine was developed in Britain
by two midshipmen named Montagu and Lar-
com but the Board of Enquiry rejected the
idea and this marked the end of turbine drive
in British weapons. Further experiments were
carried out at R.A.E. Farnborough after the
First World War but with no better success.

The reciprocating engine was, by the out-
break of war, well established and although
the Whitehead concern had produced a huge
two-cylinder engine just prior to the war it
never entered service during that period. The
problems of improving performance were set-
ting designers thinking of ways to eliminate the
very heavy air pressure vessel which often
accounted for one third of the weapon weight.

FIG. 18. 18in. Fiume-type built in U.S.A. (1892).
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FIG. 19. U.S Bliss-Leavitt, Mark 3 (1911).
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FIG. 20. Tail of 19-7in. German Torpedo (1917).
Note curved propellers.

The use of enriched air and even pure oxygen
had been considered at an early date but
rejected on account of the capricious nature
of these gases. The British tried adding Ammo-
nium Nitrate to the torpedo’s ‘ drinking
water . This chemical broke down into water
and Nitrous Oxide (N.,O), this latter being an
oxidant. Although some propulsive improve-
ments were found these were not sufficient to
warrant building service weapons.

As part of this search for greater propulsive
efficiency, the three-bladed propeller was intro-
duced in 1893 and the four-bladed by 1897.
Further increases did not occur until recent
times. Propeller design was empirical at the
turn of the century because the necessary
theory had not then been developed but even
so quite good designs were found. Indeed, a
speed difference of only # knot was considered
significant. Fig. 20 shows the curiously curved
blades adopted around the period of the First
World War. Good examples of German 197
in. weapons with these blades can be seen at
the Armoury Museum, Valletta. The purpose
of the blades was to assist the torpedo to slip
through holes in anti-torpedo netting used
extensively for ship protection.

These nets were arranged to be swung out
on booms at short notice and were popular for
several decades. Fig. 21 shows two torpedoes
caught in nets around H.M.S. Diamond during
practice shots in the pre-First War period.
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FiG. 21. Net protection of HM.S. Diamond.
Two torpedoes caught at 8% knots.

Several counters to the nets were devised, many
of them by the Whitchead firm. Fig. 22 shows
one device fitted to weapon noses designed to
force the net apart. Other devices included
explosive charges in the nose which fired a
circular cutter into the net. The torpedo then
slipped through the hole so produced.

FIG. 22, Experimental net piercing nose cap (1914)

Nets became unpopular for battle engage-
ments because of the slow speed enforced on
the ship by their use. Eventually they were
restricted to the protection of ships in harbour;
a use which survived through the last war.

The first 21 in. torpedo, the forerunner of
the present submarine weapon, appeared in
1908 as the R.G.F. Mk. I having a range of
3,500 yards and a speed of 45 knots. The cor-
responding United States weapon was the
Bliss-Leavitt Mk. VIII which appeared in 1913.
The 21 in. weapons were by no means the
largest diameter ‘“conventional” torpedoes.
A 26 in. diameter weapon had been produced
in 1900 and Whitehead built a 27-5 in. weapon
for the Japanese Navy. These were experi-
mental weapons however and were not success-
ful on account of dynamic instabilities result-
ing from their relative shortness.

Around the turn of the century the Ameri-
can firm of Bliss-Leavitt introduced the air-
blast gyroscope whereby the wheel was run up
to a speed of 10,000 r.p.m. in only 0-35 seconds
from firing. This gyro provided adequate con-
trol over the weapon from firing to impact
despite the long ranges now being obtained
(see the table on page 50).
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This type of gyroscope remained virtually un-
changed until the introduction of the air-blast
maintained wheels of the last war.

British torpedoes in the first two decades of
this century wcre produced at the Royal Naval
Torpedo Factory (opened at Greenock in
1910), the Royal Gun Factory at Woolwich
and external purchases from the Weymouth
and Fiume factories of Robert Whitehead. The
main production prior to the war was the
R.G.F. Mk. VII and the Whitehead Weymouth
Mk. I, both 18 in. weapons as was the R.N.T.F.
Mk. VIII which was a submarine-launched
weapon and the first type to be produced at
Greenock.

The Weymouth works produced their first
21 in. torpedo in 1909 but only two experi-
mental models were built and after unsuccess-
ful trials they were scrapped in favour of the
much more successful Weymouth Mk. II
which was sold extensively abroad and to the
Royal Navy. Just before the war Whitehead’s
empire came under the strong influence of
Vickers, Armstrong Ltd. This influence was
to dominate the British Whitehead Factory
until after the Second World War when the
independent torpedo production ceased after
a series of abortive vcntures.

By the outbreak of war in 1914 most of the
old *“cold air” torpedoes had been converted
and a new type of torpedo known as a pattern
runner was invented by Lieut. F. H. Sand-
ford. This weapon could be sent to run a
preset distance and then zig-zag back and forth
along a given track. This made the chance of
hitting a ship much greater when the speed
of the target was not accurately known.

Practice with torpedoes in the Royal Navy
was carried out at the rate of 8,000 test shots
per year with a hitting rate of 98°/. It must
be admitted that the test was not nearly as
severe as one would expect to experience in
wartime. The firing of torpedoes was by 1914
the main means of attack by submarines. A
highly embellished account of a trip in a sub-
marine is given in Jane’s book Torpedoes and
Torpedo Warfare published just before the
turn of the century. The reader is left in a
claustraphobic state of mind after only a few
pages but it is interesting to note the rapid
and parallel development of the submarine
and torpedo and the way they eventually
became essential to each other’s effectiveness
as a fighting system.
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Before relating the wartime development of
the torpedo it is perhaps worth recalling the
incident at Simonstown Naval Base when a
mechanic stripped down a torpedo believing it
to have been run and exhausted. In fact the
air vessel was fully charged to over 2,000 p.s.i.
As the man unscrewed the air vessel drain
plug the screw stripped the last three threads
and the complete torpedo shot off, literally,
like a rocket. It hit the far wall of the work-
shop at roof level and bounced 30 feet back
to land as a crumpled mess of metal at the
mechanic’s feet. The man suffered only shock
and presumably a desire to be more careful
in future ! In the same year an 18 in. weapon
broke the then world high jump record for
torpedoes by leaping 40 feet into the air as a
result of an elevator malfunction at over 45
knots ! This record has been broken several
times in more recent times.

The torpedo faced its first real
challenge with the outbreak of
war since we cannot draw con-
clusions as to its tactical usage
from the sporadic firings by badly trained
crews in the South American revolutions and
wars and the Sino-Japanese war. The torpedo
still had limited range compared with gunfire
but the vastly more damaging effect of an
underwater explosion gave the torpedo a useful
capability when fired at ships. The real success
of the torpedo lay in its use as a submarine
weapon against convoys. Here, as in the last
war, Britain was nearly beaten into submission
by the ruthless sinking of merchant shipping
and it was here that the torpedo ruled supreme.

The first actions during the Great War
showed up serious deficiencies in British
weapons. The failure at H.M.S. Vernon to
carry out representative trials with live war-
shot weapons had resulted in the fuze and
detonator system being unreliable. The effect
of a successful hit was not always up to expec-
tation. The failure at H.M.S. Vernon to pro-
duce adequate submarine radio sets, torpedoes
and mines (both very inferior compared with
German praducts) caused Admiral Fisher to
write apoplectically to Jellicoe in 1915:

Our torpedoes seemed to be filled with

sawdust !'!'! There’s a heavy reckoning

coming to everyone connected with

Vernon during the last four years . . .

I hope to get a good many officers dis-

graced for it !

Fisher expressed the desire to have Charl-
ton, the Assistant Director of Torpedoes from

Torpedoes in
World War I
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FIG. 23. Torpedo-Carrying aeroplane, Sopwith (T)
carrying 18 in. Mark IX with heavy head
(250 Ibs. explosives).

—— Z —

FIG. 24. Short 320" at Calshot (1£18).
1911 to 1914, * blown from a gun ™" and swore
to have the senior officers hung or shot; he
did not express a preference as to method.

In fact, no reprimands appear to have been
given and British torpedoes were soon coming
up to expectations. Life at Vernon was diffi-
cult during the early part of the war due to
the removal of nearly every able-bodied
engineer to the battle front. As a result tor-
pedo training and testing was largely carried
on by long-retired torpedomen, few of whom
had worked with heated torpedoes. However
they seem to have settled into the work well
and some sort of continuity was maintained.

It cannot in truth be said that the torpedo
played a great part in the sea battles such as
Jutland and Dogger Bank. The power of the
torpedo was derived as much from its threat
as its use. During the Battle of Jutland for
example the British fleet broke off an attack
when they found themselves threatened by a
salvo of torpedoes. In fact the threat did not
materialise but the torpedoes of the German
High Seas Fleet had played an important role
by just their existence. At the time of Jutland




the British fleet carried 382 21 in. torpedo
tubes compared with the German fleet
armoury of 362 197 tubes. Such capabilities
clearly demand respect.

It was found after the war in experimental
firings against the U.S.S. Washington that at
least four hits were needed with warheads
exceeding 300 Ibs. to cripple a capital warship
and a further four hits were needed to sink it.
This may well account for the small number
of large ships sunk in battle.

As noted above, the outstanding success of
the torpedo in the Great War was its ability
to strike at merchant shipping from sub-
marines. The main armament of British sub-
marines was the 18 in. R.N.T.F. Mark VIII
and the 14 in. R.G.F. Marks V, VI and VIIL
It is not the intention here to describe the tac-
tical use of the torpedo in either World Wars
because this deserves a history of its own. One
aspect of torpedo usage which cannot be
passed by however is the invention and devel-
opment of the aircraft torpedo.

The idea of dropping torpedoes
Aircraft from the air appears to have
Torpedoes in - been conceived around 1910
World Warl  when it was proposed that air-
ships might be used toapproach
surface craft and fire a torpedo at several
thousand yards range. The first practical ideas
were put forward in a paper by Lieut. Douglas
Hyde-Thompson and Commander Murray
Sueter (later Rear-Admiral Sir Murray Sueter,
C.B., M.P.) in 1912. A few static dropping
trials were carried out in 1913 and on July
28th, 1914 the first successful dropping of a
torpedo from an aircraft was achieved. The
craft was a Short seaplane based at Calshot.
Sueter now pressed hard for Admiralty
support and in 1915 a flight of Short 184’s were
sent to the Dardanelles in a makeshift carrier
called the Ben-My-Chree (a name now carried
by a British Rail ferry boat). The ’planes car-
ried R.G.F. Mk. X weapons of 1897 vintage
which were modified for the task. They were
however unheated. Three ships were sunk, one
of them by a weapon launched from a sea-
plane taxying on the surface. Following this
success progress was slowed down by the fact
that the Short 184’s could only take off with
a single 14 in. torpedo if the weather was good
and the ’plane in a good mood. The 14 in.
torpedo’s warhead was not nearly powerful
enough to badly damage a large warship and
so a larger aircraft was built, the Short 320,
which could carry an 18 in. weapon at 72
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FIG. 26. B-Cycle Engine with Combustion Pot.
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m.p.h. to a range of 100 miles. This seaplane
went into production in 1917 following very
successful trials the previous year. Sueter was
anxious to have a land-based force of torpedo-
planes that could also operate from aircraft
carriers. With the help of Mr. T. O. M. Sop-
with he designed the Cuckoo, a 200 h.p. single
seater torpedo carrier with a range of 160
miles and a speed of 103 m.p.h.

While waiting for the Cuckoo to appear
Sueter took a flight of Short 320s on rafts to
Cattaro from their base across the Adriatic
at Otranto to attack the Austrian fleet with
R.G.F. Mk. IX 18 in. weapons but due to an
unexpected storm the attack was cancelled.

Meanwhile the Cuckoo project had ground
to a halt because of Sueter’s absence. How-
ever, the unfinished prototype was spotted at
the Sopwith works by a browsing naval officer
and the aircraft was then completed and tested.
Despite efforts to get 350 of these into service
before the Armistice the first squadron was
formed in 1918 just too late for active service.

Thus the torpedo became an aircraft weapon
as well as a ship and submarine weapon but
it must be admitted that its air-dropped role
played little part in the winning of the First
World War. The Germans developed the
Brandenburg twin-engined aircraft for carry-
ing their equivalent of the British R.G.F. Mk.
1X. The Germans also carried out trials with
torpedo-carrying gliders which were released
from airships. These gliders were guided
towards the enemy ships by trailing wires.
These weapons were nearly ready for service
at the end of the war.

Very little innovation occurred during the
war—indeed it was discouraged in order that
full effort be concentrated on getting reliable
weapons to the fleet in large numbers. Al-
though several different marks of torpedo were
introduced during the war (six mark nos. of
21 in. torpedo were built by the Royal Navy
for or during the war—one of these being ex-
perimental and not issued to the fleet) these
were all very similar in performance, as seen
from the table below. The differences were
mostly in minor internal constructional details.
It is interesting to note in passing that the
Mark IV torpedo which gave excellent service
in the First World War was also used 25 years
later in the next war.

At the end of the war two problems were
immediately tackled. The failures in the impact
fuze were cured and the tactical use of tor-
pedoes in surface battles was reconsidered.
It was decided that the poor sinking rate

observed during the war was largely due to
the torpedo attacks not being pressed home
with sufficient aggressiveness. A new policy
was adopted whereby a salvo of as many as
162 torpedoes could be launched towards a
group of battleships.

In the next of these articles the develop-
ments between the wars will be described but
we will interrupt this part of our story with an
anecdote concerning the life of Robert White-
head*.

Robert Whitehead married a young Austrian
lady and they became the proud parents of
three sons and two daughters; two other child-
ren having died in infancy. All the sons were
successful in life and the daughters married
well. The eldest son John helped to run the
Whitehead factories around the world, Robert
Boveille became a very successful solicitor and
James married the daughter of Viscount
Middleton and became Ambassador to the
Court of Austria. James had seven children.
The youngest, a girl of outstanding beauty
named Frances after her grandmother, was
invited in 1912 to launch a new submarine for
the Austrian Navy. The commander of the
vessel, a Captain Von Trapp, fell in love with
her and they were soon married. The captain
was a brave submariner and at the end of the
World War it was expected that he would
become Admiral of the Austrian Navy. How-
ever, Austria was left without a coastline and
he and his wife had to settle to a commercial
existence. His wife died during a scarlet fever
epidemic and the Captain became very with-
drawn from his many children and life in
general. He obtained assistance for his family
from the local convent in the form of a young
novice.

Devotees of “ The Sound of Music” will
know the rest of this romantic drama and 1
will not develop the story further but just note
that the Von Trapp children who formed the
nucleus of the “Von Trapp Singers” were
(and are) the great-grandchildren of the
inventor of the automobile torpedo.

We saw earlier that the
Propulsion standard method of torpedo
Improvements propulsion at the end of
1918 - 1939 World War 1 was either the

wet heater system in which
steam and hot gas were used to drive a gas
engine (the British and French systems) or the

*I am indebted to Mr. Alan Wolstencroft for
permission to relate this story.



turbine system in which alcohol was burnt
either with or without water diluent (the
United States method). The Japanese were at
that tim¢ trying without much success to
build heater torpedoes using reciprocating
engines. Their failures were due to poor
pressure vessel techniques which resulted in
them having to purchase pressure vessels from
Britain. This situation was to be sadly changed
in the last war when Japanese torpedoes were
seen to be the best in the world. But that is a
story to be told later.

The British wet heater engine in 1918 was a
bronze four-cylinder affair in which the heads,
bores and manifolds were integral. The dis-
advantage of this motor was the high
consumption rate of air—121b. per b.h.p./hr.
The engine was not very reliable and the inlet
valves often leaked. Following the Armistice
the R.N.T.F. at Greenock and several outside
firms investigated possible improvements in
torpedo propulsion. Included in the systems
studied was the use of hydrogen peroxide as a
low pressure oxidant. This had the advantage
of high density, low weight container and a
catalytic decomposition into oxygen and water
with the release of appreciable heat.

These 1nvestigations were carried out in
1923, long bcfore other nations were con-
sidering such *“exotic " oxidants. It was not
until 1936 that dynamometer trials were
carried out on British hydrogen peroxide
systems however, by which time the Germans
were developing similar systems.

Between 1920 and 1926 studies were made
of enriched air as an oxidant, Although a
heavy pressure vessel was still needed, a greater
weight of oxygen could be carried. This work
resulted in the 21 in. Mk. VII torpedo of 1928.
This weapon, no less than 306 in. in length,
used air enriched to 57%, oxygen content and
achieved a propulsive performance of 33 knots
to a range of 16,000 yards—which is some 1-7
times the performance of the Mk. VIII torpedo
in service with the Royal Navy at the present
time. The enriched air weapon was fitted to
the London class cruisers but was unpopular
on account of the capricious nature of en-
riched air (it is said that thc weapons were
never left charged on deck during a thunder-
storm!) and the rapid corrosion in the
pressure vessel. An advantage, apart from the
increased performancc, was thc tracklcssness
due to the low proportion of insoluble gases
in the exhaust. This is primarily an advantage
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for submarines attacking convoys becausc,
without the obvious track, the first indication
of an attack is the explosion and no indication
is given of the position of the submarine. The
Mk. VII was not a submarine weapon and thus
the advantage of tracklessness was small. The
one thing that killed the enriched air torpedo
was the invention of the Brothcrhood Burncr
Cycle engine.

The Burner Cycle engine was invented in
the late 1920s and is still in service today
albeit in improved form. The remarkable
success of this engine compared with foreign
turbines will be demonstrated quite clearly
in Table 7 where it can bc seen that
this engine is far superior in power/weight
ratio and weight of fluids consumed per b.h.p.
per hr.

The Burner Cycle or semi-internal com-
bustion engine has a clear advantage by not
requiring a diluent. A further advantage would
be to carry oxygen in a more convenient form
such as hydrogen peroxide. This form of
oxidant was not to be run in service until the
mid ninetecn forties however. In its “air ™
form the burner engine was a four-cylinder
radial engine fed with air at about 840 p.s.i.
taken from the main air vessel at about 3,000
p.s.i. A small quantity of fuel (paraffin—the
carly weapons used Broxburn Lighthouse
Shalc Oil) was atomised into the air and
burned. This raised the air tempcrature to
about 1,000°C and only slightly depleted the
oxygen content. The hot gas was then fed into
the engine through four poppet valves. More
fuel was injected into each cylinder a little
before top dead centre. Spontaneous ignition
occurred and supplied the driving force.
Exhaustion was through two auxiliary ports in
the piston crown and four main ports in the
cylinder liner. The exhaust gases left through
the hollow propeller shaft.

By the end of the World War 11 this enginc
had, with minor modifications achieved a
power of 465 b.h.p., sufficient to achievc 50
knots in a 21 in. weapon. Following the war
an §00 b.h.p. cngine was built in an attempt
to reach 60 knots but this is a story for latcr.

Although the semi-internal combustion
engine underwent few changes betwecn the
wars, or indecd since the last war since it is
still in service with the Royal Navy, this was
not through lack of initiative. Many alternative
means of propulsion were tested but none was
better than the Burncr engine.
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TABLE 6. Comparison of weapons used in World War .

Type Year w C | 4 R Remarks
42 109 |
18 in. Fiume 1908 1609 253 34 2190 Dry heater
28 4370
18in. R.G.F. 1908 1553 200 30 5500 Warhead increased
Mk. vVl 41 3000 to 320 1b. in 1917
18in. R.G.F. 1909 1490 200 29 6000 Cold type converted
Mk VI
18 in. Fiumc 1911 1620 253 42 1090 Wet heater
| 27 6560
18 in. Fiume i 1911 1743 220 44 2190 New 2-cylinder enginc
31 6560
21 in. Weymouth 1914 2794 225 29 10000
Mk, 11
236 German 1916 4410 550 28 18590
]
1Sin. RN.T.F. | 1917 1077 250 29 2000 First aircraft torpedo
‘ designed as such
I8 in. German 1917 1680 350 35 1640 Aircraft torpcdo
21in. R.IN.T.F. 1917 3190 515 40 5000 Used in World War I
Mk. 1V :
21in. US. | 1917 3050 385 27 13500 | Turbine driven
Weight in lbs.
G Warhead weight in Ibs.
Vv Speed in knots.
R Range in yards.

Turbine propulsion was always under review
in Britain as well as France. (Progress in the
United States was limited to steady improve-
mcnts to the well established alcohol/turbine
system). In 1926 the Royal Aircraft Establish-
ment, Farnborough produced the turbine
shown in Fig. 27. Designed to run on methy-
lated spirit diluted with water and using air
enriched with oxygen to 5719, by weight, this
two stage turbine was intended to give 200
b.h.p. A novel feature of this turbine was the
epicyclic gear used to transmit power to the
contrarotating propellers. An overall gear
reduction of 27'6 was achicved. This turbine
unfortunately broke up during dynanometer
trials so that full tests were not completed. It
seems unlikely that the use of enriched air
would have been acceptable in view of the
experience with the Mark VIL

FIG. 27 R.A.E. Enriched-air turbine.
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TABLE 7. Comparison of Performance of Inter-War Period Torpedo Systems

‘ |
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1 :
UK. 21 in. Mk. 8| Burner cycle | 1350 | 407 766 | 064 | 83 265 | 065
U.K. 18 in. Burner cycle 1350 300 820 070 89 162 054 |
U.S. Mk. X Turbine 13800 158 15-00 1-:60 50 216 158 1-00
Swedish Turbine \60100 310 13:80 1:00 96 244 411 1732
French Turbine 15000 175 14:20 1-60 17 175 | 190 092
' |

A Swedish turbine was obtained by R.N.T.F.
in 1936 from Aktiebolaget Lesto of Stockholm.
It was not very good, as can be seen from the
above table. A French torpedo produced in
1926 and having a diameter of 15-7in. was
driven by what must have been one of the
most successful turbine systems built in the
inter-war period. Despite its early date this
weapon was still in production during the
second World War. It can be seen from the
above table that the turbine was the most
efficient of those tested largely on account of
the high nozzle temperature of 1,300°C.

The French continued to develop turbine
systems and these reached a peak of perfor-
mance with an oxygen torpedo produced
towards the end of the last war but we will
return to this in due course.

FIG. 28. American Torpedo Turbine.

The American Bliss-Leavitt turbine, shown
in Fig. 28, had two contrarotating wheels so
that gyroscopic and torque effects were
negligible. This was not the case in their early
turbines and in 1911 the Americans were
having serious trouble with the then current
turbine mounted on a longitudinal axis. The
newer turbines had the wheels on a transverse
axis as illustrated. Three nozzles were used in
the two-stage impulse system—this system
allowing rcasonable wheel speeds and no inter-
mediate stator. The latest design to be pro-
duced before World War I1 was for the
22-4 in. aircraft torpedo, the U.S. Mark XI1I.
This turbine produced 95 b.h.p. at a rotor
speed of 11,000 r.p.m. and a gas condition at
the nozzles of 395 p.s.i. and 840°F.

We have already seen that
Developments some improvements had been
in Oxidants  considered whereby the weight
1918—1939 of oxygen carried in a torpedo

might be increased without
increasing the weight of vessel needed to con-
tain the oxidant. The enrichment of the air
with oxygen is an obvious solution and resulted
in the British Mark VII in 1928, many years
before similar developments in other countries.
When it is pointed out that 4 lbs. of pressure
vessel are needed to carry each pound of gas
and that 77°/ of air is useless track-forming

_4
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TABLE 8. Torpedo Types at Outbreak of World War Il

Type W B V R Remarks
Aircraft Weapons“®
15-7 in. French 1486 313 44 2190 | 1926 Vintage
18 in. U.K. Mk. XII 1548 388 40 1500
18 in. German LF5 1626 440 30 2500
18 in. Italian 1631 287 38 2200
18 in. Japanese 91’ 1720 338 45 1600
18 in. Norwegian 1758 401 40 4000
22-4in. US. Mk, 13 1927 401 33% 6000
Other Weapons®®
26} 15000
21in. U.S. Mk. 15 3840 825 333 10000 | D
45 6000
4
2lin. UK. Mk. VIII 3353 | 750 {43% s
: 35
21in. UK. Mk. IX 3731 750 {40 im D—C
21'6in. French 3300 680 35 7600 | S 1924 Vintage
. 314 9000
21in. US. Mk. 14 3280 600 46 4500 | S
21in. German G7e 3545 655 30 5470 | S Electric
{30 15310
21 in. German G7a 3334 660 144 6560 | S—D—C
21in. UK. Mk. VII 4106 740 33 16000 | C Enriched air
24t in. U.K. Mk. 1 5287 742 {35 15000 | C Enriched air.
30 20000 Built 1924

W is weight in lbs.
B is warhead weight in lbs.
V is speed in knots

R is range in yards

Useage: S—Submarine, C—Cruiser, D—Destroyer




nitrogen, it can be seen that there is a strong
incentive towards using oxygen-rich gases or
liquids—the latter being capable of storage in
vessels of equal weight to the liquid.

In Britain various oxygen-rich fluids were
tested before the last war. Ammonium nitrate
has already been referred to in a previous part
of this series of articles. It showed some im-
provement but not enough to warrant extended
tests. Hydrogen peroxide has the advantage of
being a liquid requiring, therefore, a low
weight vessel but was not available in Britain
in a sufficiently stable or concentrated form
before the war. Although some tests were
carried out at Greenock in 1936 no further
work was pursued until the American and
Germans had developed peroxide weapons
towards the end of World War II. We will
look at these later developments below.
Tetranitromethane was also tested as an oxi-
dant in Britain but not pursued.

Of the liquid oxidants considered at the
Torpedo Experimental Establishment, Green-
ock before the last war probably the most
successful was nitric acid. This is rich in
oxygen, clheap, easy to store and safe to handle
(with care of course). Acid with a specific
gravity of 1-51 can yield 62°/ by weight of
oxygen. Tests were carried out with acid of
1-42 specific gravity yielding 44°/ oxygen by
weight using methanol or Benzol as fuel. The
engine parts were made of steel and bronze.
Nitric acid was tried with the Burner cycle
engine in three ways. In the first, the acid was
decomposed in a generator by the combustion
of a little fuel and the oxygen-rich gas then
fed into a radial engine for further ignition.
In the second method the nitric acid was in-
jected into thc engine cylinders to burn a
methanol fuel already preheated by a complete
combustion in the generator. The third
method, which could be used with a standard
torpedo was to inject the acid into the hot
gases just prior to the engine intake. A study
of the first system showed it to be capable of
dclivering 750 b.h.p. which could produce a
speed of approximately 60 knots.

A short range torpedo, designated the 2lin.
U.B., was designed to run with nitric acid and
was 909, complete on the outbreak of World
War II. The propulsives were carried in
spherical containers of 1} cubic ft. capacity.
This torpedo was never run because of the
outbreak of war. It was felt by those in
command that although the nitric acid tor-
pedo was four times as powerful as the Mark

O S
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VIII, the standard British war torpedo, it
would never be ready in time to be used in
the war and the staff involved would be more
usefully engaged in work other than research.
It is perhaps interesting to note that the
German research projects suffered a similar
hiatus on the outbreak of war for the same
reason, namely that the war would soon be
over. How fortunate that both sides suffered
the same false optimism and not just the
British !

In 1936 the British experimented with a
jet torpedo with the object of producing a
short range, high speed weapon for aircraft
use but this was not produced for the war.

Britain was not alone in pursuing the search
for new oxidants. The Japanese had enjoyed
little success with their torpedoes mainly on
account of the poor pressure vessel technology.
At the Kure Torpedo Institute the position
was drastically changed in 1928 when Rear-
Admiral Kaneji Kishimoto and Captain
Toshihide Asakuma started experimental work
on the use of pure oxygen. The weapons de-
veloped were of a high performance and
quality. When, at the start of the war, the
Americans and Germans were desperately
trying to get their torpedoes reliable, the
Japanese torpedoes were inflicting heavy
damage. Although performance was con-
sidered important the Japanese laid greater
stress on reliability and tracklessness. The latter
feature gave Japanese submarines a very large
measure of protection from detection and,
indeed, during the first two years of thc war
against Japan many ship sinkings were attrib-
uted to mines on account of the lack of tor-
pedo wake before explosion.

The peak of Japanese propulsion develop-
ments was the Type 93, a huge weapon of
24 in. diameter and nearly 30ft. in length
weighing 6,500 1bs. with half a ton of ex-
plosives in the nose. Pure oxygen was used to
give tracklessness and high efficiency. Sea-
water was used as diluent to save weight and
500 b.h.p. was developed corresponding to
about 50 knots speed. The range was 20,000
yards. This performance is some five times
greater than the present Royal Navy thermal
weapon, the ““ Old Faithful > Mark VIII.

The development of the hydrogen peroxide
weapons and the electric torpedo took place
mainly during the last war and their story will
be told later. We will next look at warhead
developments.
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Warhead Developments Between the Wars

The very first warhead filler was dynamite
but wet guncotton was soon introduced and
clung to by the Royal Navy for many decades.
Although rather inferior to other explosives
as far as power is concerned it was very stable.
It has been a noticable feature of British
torpedoes that safety is usually put before
performance—this seems to be the reason for
the Royal Navy at the present time having a
compressed air torpedo in service rather than
an oxygen or hydrogen peroxide weapon.
Warhead fillers of many types have been ex-
perimented with however—including in the
last century the curiously named Mammoth
and Giant Powders!

In 1907 the Germans introduced Hexanite
and used it throughout World War 1. This
consisted of a mixture of T.N.T. and
hexanitrodiphenylamine, the latter being ex-
tremely poisonous. This material was very
stable to shock as witness the fact that no
sympathetic explosions occurred onboard the
Moltke when a British torpedo hit thc
torpedo store. The same explosive was used by
the Japanese during the last war and called
“ Type 97 > explosive.

Outside Germany the popular explosive was
trinitrotoluene, known variously as tritolo,
trotyl, trinol, Fullpulver ’02, and type 92.
T.N.T. was preceded briefly by picric acid in
the 1880’s but was later reserved for other
forms of ammunition on account of its insta-
bility. Shortage of T.N.T. during the ‘“ Great
War 7’ led to the use of amatol which is a
mixture of T.N.T. and ammonium nitrate.
This is a very inferior mixture and was not
popular.

The advantage of adding finely divided
metals to explosive mixtures was appreciated
before the first World War but, although some
torpedoes were so filled in Britain, the shortage
of aluminium caused a return to amatol in
1917. In 1933 the Germans started filling war-
heads with a mixture of hexanite and alum-
inium, the metal being in a 259/, concentration.
Another contemporary warhead filler was
Tialen which consisted of a cocktail of T.N.T.,
Aluminium and hexagen, this latter being a
cyclonite (cyclotrimethylenetrinitramine). Cy-
clonite by itself was used by the Italians
between the wars but not elsewherc on account
of its friskiness.

In 1943 the material now known as R.D.X.
was used in Britain and a mixture of R.D.X,,
T.N.T. and aluminium was devised and named

Torpex. Despite its name this explosive was
used extensively in other armaments including
the ‘““dam busting” bombs of Dr. Barnes
Wallis.

Having taken the story of the torpedo up
to the last war in all its important aspects we
will briefly look at its other improvements up
to the same time.

The Germans, who with the
Development British share the honour of
of the making nearly every impor-
Influence Fuze tant torpedo improvement

since its invention, invented
the magnetic proximity exploder and used it
during the World War 1. A rotating armature
in the torpedo nose generated a current when
near a ship and initiated warhead detonation.
This system was not successful on account of
the wide variations in the ship’s field due to
the variations in the Earth’s field over the
oceans. A British fuze, the Duplex, consisted
of a coil having thousands of turns of fine
wire mounted on a mumetal rod. Basically
similar to the early German fuze, the same
principle was used. The current developed in
the coil as the weapon passed beneath a ship
fired the warhead. Thc Duplex fuze suffered
the same tribulations of a strong dependence
on magnetic latitude, ship’s heading and sea
conditions. The latter effected the motion of
the torpedo and induced false signals.

The failure of the Duplex fuze was one of
the major setbacks to the effective use of the
torpedo in World War 1T as we shall see later.
Premature explosions occurred, especially on
water impact for aircraft-dropped torpedoes
and after firing from submarines. Tt is believed
in fact that one U.S. submarine and its crew
were lost because of a premature explosion
caused by the Duplex fuzc.

It might be of value at this point to say why
a magnetic fuze has an advantage over a con-
tact detonator. For one thing the magnetic
fuze increases the range from the ship at
which an explosion would, in theory, be
initiated. Thus the ship appeared larger by
effectively about five to ten feet. The other
rcason, often quoted ad nauseam, is that an
cxplosion under a ship’s keel has three times
the damaging effect of an explosion on the
side on account of the double hull protection
afforded by blisters and the ballast tanks. In
fact, an analysis of ship sinkings up to 1943
showed that most torpedoed ships sank by loss
of stability rather than flooding. This report




asserted that a hit on the side was therefore
more likely to cause a ship to sink.

However, in the event of the failure of the
magnetic fuze, there was no option but to use
the impact fuze. The Germans had experienced
similar influence fuze troubles and only the
Japanese had torpedoes that were reliable
from the start of the Second World War. This
was because they had, before the war, sunk
literally cdozens of old ships in practice shots
to perfect their weapons.

Even the impact fuze was unreliable in
American weapons. During the period of the
war up to 1943 it was found that 70°/ of U.S.
torpedoes were ‘“duds’ either because of
propulsion failures or fuze failures. The peak
of impotence must surely have been when the
U.S.S. Tinosa fired fifteen torpedoes in
succession at an unprotected Japanese whaler
the Tonan Maru 3. The commander saw
through the periscope the torpedoes leap into
the air like playful dolphins as each hit the side
of the ship and failed to explode. These failures
caused morale to sink low in the U.S. as well
as the German submarine services—the latter
were experiencing just the same troubles.

Eventually a reliable magnetic fuze was
developed and it is in service even today but
we will look at this one later.

We have seen that some
World War II remarkable innovations and
Preparations improvements were made in
and torpedo technology between
Consolidation the World Wars. It may come

as a surprise to find how little
of this work was applied to the torpedoes with
which the first battles of the last war were
fought. In Britain, the submarine torpedo was
the 21 in. Mark VIII and the ship torpedo the
21 in. Mark IX, both of them compressed air
and burner cycle driven, The aircraft weapon
was the 18in. Mark XII similarly driven.
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Torpedo shortages at the outbreak of war
brought into service the 21 in. Mark II, the
Mark IV, Mark V and Mark VII. Similarly
we find the 18 in. Marks VIII, and XI pressed
into service from semi-retirement.

The United States navy was equipped with
three types of torpedo. The 21in. Mark 14
was the standard submarine weapon, the 21 in.
Mark 15 standard for destroyers and the
22-4 in. Mark 13 for aircraft use. As in Britain,
old weapons were pressed in service including
the Bliss Mark X for submarines. All of these
weapons were driven by the same basic power
unit of a turbine driven by alcohol fuel and
fresh water dilutent that was developed during
World War 1.

In Germany the two weapons were the
thermal engined G7a driven by a four-cylinder
radial reciprocating engine fueled with decalin
and using air as oxidant, and the G7e electric
weapon. The thermal weapon had much the
same performance as the British Mark VIII
but it was the electric weapon, despite (or
even because of) its inferior performance, that
opened up a whole new aspect of torpedo
warfare. Namely the homing torpedo. In the
next part of this series of articles we shall
follow the development of the homing weapon
as well the other research pursued in the
quest for better torpedoes.

To be continued in the next issue of JJR.IN.S.S.
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AN APPARATUS FOR FATIGUE TESTING
MATERIALS AT ULTRASONIC FREQUENCIES

Instructor Lieutenant Commander G. C. George, M.Sc., R.N.

and Instructor Lieutenant Commander R. Daw, B.Sc., R.N.

Royal Naval Engineering College, Manadon

At the Royal Naval Engineer-
ing College, Plymouth, re-
search equipment has been
constructed which allows the fatigue testing
of materials in a longitudinal tension-compres-
sion mode at a frequency of 20 kHz. This much
accelerated testing appears to have interested
many Royal Naval Scientific Service visitors
to the College and it is felt that some detailed
discussion of the apparatus may be of value.

Introduction

Apparatus

The apparatus can be most conveniently
described by considering it to be a resonant
closed loop consisting of four systems, as
shown in Fig. 1.

The electrical system drives the mechanical
system through an electro-mechanical trans-
ducer and the loop is closed by a feedback
from the photo electric device.

The Electro-Mechanical System

This is a half wavelength, lead zirconate-
titanate transducer, resonant at a nominal
frequency of 20 kHz, and fitted with a nodal
plate which is attached to a rigid stand.

The end masses of the transducer are of an
aluminium alloy to ensure a good acoustic
match with the mechanical system to which
it is attached by means of a screwed stud.

The Mechanical System (Fig. 2)

This is an acoustic transmission line excited
in a longitudinal tension-compression mode by
the transducer and consisting of three half
wavelength components:

(a) Connected to the transducer by a
screwed stud is a double cylinder velocity
transformer the end diameters of which
were chosen to give a magnification ratio
of 625 : 1. The design of such trans-
formers has been discussed by Neppiras
2.9 and by Balamuth'*.

(b) The high amplitude end of the double
cylinder transformer is joined to a
Fourier transformer as designed and
described by Eisner®® ® and which pro-
vides a magnification ratio of 10:1.
Both transformers are made of RR58
in the optimum hardened condition.

(c) The specimen to be fatigued (in this
case a cylindrical rod of L65) is attached
to the high amplitude end of the Fourier
transformer.

In this longitudinal tension-compression
mode of vibration, the positions of minimum
stress will coincide with those of maximum
displacement amplitude and the designing of
the components of the acoustic train to be
half wave length at 20 kHz ensured that the
displacement amplitude antinodes of the stand-
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FIG. 1. Closed loop system.
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FIG. 2. The mechanical system.

ing wave set up in the train coincided with the
coupled surfaces. The theoretical displacement
amplitude variation along the acoustic trans-
mission line is indicated in Fig. 2.
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The Photo-Electric System

As shown diagramatically in Fig. 3, the free
end of the cylindrical specimen partially
interrupts a beam of light falling upon a silicon
photodiode. The longitudinal vibration of the
specimen causes a fluctuation in the amount
of light falling upon the photodiode and a
consequent modulation of its direct current
output. The frequency of the alternating
current component of this signal is the
frequency of vibration of the specimen.

The preamplifier accepts the current from
the photodiode and produces a voltage output,
the magnitude of which is proportional to that
of the input.

The Electrical System

As shown in the block diagram of this system
(Fig. 4) the output voltage from the Photo-
electric System is fed to an amplifier which has
a voltage gain of 100. One output from this
amplifier is fed through a full wave rectifier
to a dc amplifier and low pass filter. Compara-
tor I accepts both this dc voltage and one from
the amplitude control potentiometer. If the
voltage from the amplifier exceeds that pre-
selected on the amplitude control poten-
tiometer then a current is fed to the variable
attenuator and the drive to the transducer is
reduced. If the input from the amplifier is less
than or equal to that from the amplitude
control potentiometer then no current is fed
to the attenuator. If the voltage received by
Comparator II from the dc amplifier exceeds
that received from the ‘ trigger ” attenuator,
then a signal is received by the electronic
counter which continues to count the cycles
and the variable attenuator continues at low
attenuation. If, however, the ‘‘trigger”
attenuator signal exceeds that from the dc
amplifier then the counter is stopped and the
variable attenuator changes to cause high
attenuation and stops the vibration.

The second output from the initial amplifier
is fed to a phase shift control. The phase
change round the closed loop must be zero
if the system is to be driven at its resonant
frequency and this phase shift was made
variable so that changes in the specimen under
test, which might result in an alteration in
the phase shift round the loop, could be
compensated for.
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The phase shift control is followed in the
diagram by a switch with positions marked
“OFF”, “SET” and “RUN?”. In the
“SET ” position. Comparator II is rendered
inoperative. This is necessary because the
signal from the ‘trigger” attenuator to
Comparator II builds up more quickly than
that which reaches Comparator II from the
photo-electric system. This situation is the
criterion (as noted above) for switching off
the counter and producing high attenuation
in the variable attenuator.

The limiter and tuned amplifier act to
inhibit unwanted modes of vibration and har-
monics, should any occur in the system. The
output from the tuned amplifier is fed to a
driver and power amplifier via the variable
attenuator which attenuates the signal (as
described above) by an amount dependent
upon the current from the comparators.

The power amplifier output is the input to
the electro-mechanical transducer and a meter
attached at this point monitors both the voltage
and the current supplied to the transducer
from the electrical system.

B

Lamp

FIG. 3. The photo-electric system.

Complete Apparatus

The assembled equipment is
shown in Fig. 5 with a cathode
ray oscilloscope and a frequency
meter connected to the monitor-
ing points (Fig. 3).

Determination of Strain Amplitude

The strain and displacement vary along the
length of the specimen as indicated by the
sketched wave forms in Fig. 2.

The equation for displacement is given by

a = A sin

27 X
A

where A = end displacement amplitude
« = amplitude at a point x away

from the centre of the speci-

men
A = wavelength
.. da  _ 27 x 2
strain = > i A cos = :
Thus the strain will be a maximum at x=0.
i.e. midway along the length of the specimen.
Then
A2r
Emax = by
— _=__ double displacement amplitude
2 half wavelength
= _ measured end amplitude
Emax= "2 specimen length
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B e : " 3 Criteria of Failure
: i L ! Comparator I Failure is diﬂicplt to define apd must pre-
— —t sumably be considered as having occurred
! when a component is no longer capable of ful-
———— filling, to the required efficiency, the function
i Trigger for which it is designed. If this definition is
Poii Biensator accepted, then it follows that the criteria of
amplifier _r_' failure, if not arbitrary, must at least vary
with the circumstances and application.
I Peak In fatigue testing it is usual to continue the
0"/0"] | st test until the specimen has fractured into two
1_ ’ pieces. Under conditions of constant load, a
- : ' propagating crack reduces the cross sectional
L~ . FElectronic area bearing the load and the test continues
counter ' T d dily i ing st til ultimate
under a steadily increasing stress un
tensile failure occurs. In the resonant system
’ dscribed here, a propagating crack damps the
vibration and an increasing power output is
To transducer required of the electrical system in order to
maintain the amplitude of vibration that is set
on the amplitude control potentiometer. A
The magnitude of the alternating current point must be reached when the power require-
component of the Photodiode output was ment exceeds that available in the system and
found to be linearly related to the amplitude after this point, further crack propagation
of the longitudinal vibration of the specimen will be accompanied by a steadily decreasing
which was measured with an optical micro- amplitude of vibration until final failure.
scope fitted with a vernier scale eyepiece. A Under either of these conditions doubt must
calibration graph was plotted of the setting on be cast upon the validity of the stress levels
the amplitude control potentiometer (Fig. 4) plotted on an S-N curve.
against the amplitude of vibration of the speci- If, however, in this rcsonant system, the test
men measured optically and the direct linear is stopped as soon as the amplitude level starts
relationship obtained allowed the potentio- to fall then the stresses (or strains) plotted on
meter setttings to be converted directly into S - N curves are much more meaningful since
strain amplitudes without the need for the they hold through the whole life of the speci-

tedious microscope readings. men.
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FIG. 5. The complete apparatus.

The point of failure was thus taken to be
that instant when the amplitude of vibration
had decayed by a fixed and predetermined
amount, ie. when the  trigger” attenuator
signal to Comparator II (Fig. 4) exceeds that
from the d.c. amplifier by a fixed percentage.
This percentage can be varied by adjustment
of the “ trigger > switch so that the test may be
stopped at any time after the onset of Stage II
crack propagation or be allowed to continue
until the specimen breaks into two pieces.

Experimentation and Results

A number of research investigations have
been carried out at R.N.E.C. using this equip-
ment over the last three years and since, with
one exception‘”, these are unpublished, it is
hoped to discuss sonie of them in future papers.

Certainly enough information is available
to allow comment upon the performance of
the test equipment described above.

Its virtue as a teaching/demonstration aid
is clear. The ability to produce, in 30 -40
seconds of testing, a fatigue fracture surface,
which contains all the classical markings and
features at both optical and electron micro-
scope levels, is too obvious to require further
elaboration.

As a research tool it is considered to have
the following advantages:

(a) The time of testing is enormously re-

duced when compared with more con-
ventional methods.

(b) Its operation is simple and the machine
proceeds automatically from switch on
to completion of the test and thus
requires no tending.

(¢) The scatter of results, so troublesome in
fatigue testing, is extremely small when
this equipment is used. (Presumably
because the stress amplitude is so accur-
ately known and controlled.)

(d) The machining and preparation of
sepecimens is simple and inexpensive.

(e) The equipment is light and portable so
it is easily enclosed in a cabinet where
the environment can be carefully con-
trolled.

(f) Although this equipment demonstrates
clearly the ‘ Frequency Effect” and
this makes impossible the extrapolation
of quantitative results to lower frequen-
cies, all work so far has shown that
“orders of merit” of materials, heat
treated conditions, coatings or environ-
ments that are obtained at this ultra-
sonic frequency are maintained at other
more conventional frequencies of test-
ing.

A much accelerated fatigue
testing method has been des-
cribed. It has produced con-
sistent results over an extended range of tests
and has many obvious applications, not only
in the fields of teaching and fundamental
research but also as a tool for use in the selec-
tion of materials.

Conclusion
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NOTES AND NEWS

Admiralty Engineering Laboratory

The Head of the Electrical Department Mr.
F. R. W. K. Mansell, Superintending Electrical
Engineer, retired on January 24th, 1972 after
nine years in the post. Mr. S. W. Bullen, for-
merly N.S.P.O. East Anglia, took over the
post from the same date.

Captain W. G. Mc. C. Burn presenting the Imperial
Service Medal to Mr. E. C. Sims.

Mr. E. C. Sims, formerly Technical Officer
11T and now retired, was presented with the
Imperial Service Medal on November 18th,
1971 by the Superintendent Captain W. G.
Mc C. Burn. Mr. Sims enlisted in the Royal
Engineers in 1923 as a boy apprentice and was
discharged as a Warrant Officer Class I (Elec-
trical and Mechanical) in 1945. He was taken
prisoner of war at Hong Kong by the Japanese
and reccived a special commendation for his
resourcefulness for maintaining camp facilities
under Prisoner of War conditions. Eleven years
scrvice with the R.A.F. at West Ruislip fol-

lowed, after which he joined the staff at A.E.L.
in 1957 when the Ruislip base was taken over
by the U.S. Air Force, was upgraded to TG IIT
(L) in November 1965 and retired in August
1971. His work as a craftsman was superlative,
one of his models being displayed at the House
of Commons during the Defence Estimates
debates and attracting many favourable com-
ments from M.Ps.

Model of Deck Landing Projector Sight Mk. Il
constructed by Mr. Sims.

In conjunction with the Royal Navy the
Admiralty Engineering Laboratory participated
in the “Electronics in Action” Exhibition
held at the Angus Hotel, Dundee, October 26th
to 28th, 1971. The exhibition was conjointly
organised by the Scottish Section of the Insti-

RS
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tution of Electronic and Radio Engineers, the
Electronics and Control Section of the Institu-
tion of Electrical Engineers (Scottish Centre)
and the Electrical Association for Women; the
principal aim of the exhibition being to give
young people and their parents an opportunity
of assessing the scope of careers in Elcctronic
Engineering. Rear Admiral D. A. Dunbar-
Nasmith, C.B., D.S.C., R.N., Flag Officer for
Scotland and Northern Ireland, officially
opened the exhibition at 11.30 a.m. on Tues-
day, October 26th, 1971. Three examples of the
research and development work in electronics
carried out at AEL were displayed. The Deck
Landing Projector Sight for providing visual
indication of correct glide path to pilots of
high speed fixed-wing aircraft was shown which
required complex electronic control circuits to
stabilise the display against the motion of the
aircraft carrier under all Service conditions.
An all solid state electronic control system
developed by the Machinery Control section
under the direction of Mr. A. Duberlcy was
demonstrated on a model Leander Class frigate.
It has been adopted as the standard equipment
for future Naval ships including the Type 42
Frigates. From roll angle input only the control
system stabilises the ship by Active Fins and
reduces the rolling to a fraction of that with-
out stabilisation. The final item was the
Position Measuring System developed by Mr.
E. Lloyd Thomas and Mr. J. A. Le Warne
described in J.R.N.S.S. Vol. 26, No. 4, July
1971, pp. 218-234. Although the system is
provisionally patented it is available to com-
mercial users under licence. Mr. J. Nugent
of the Services Section A.E.L. organised thc
display stands which were visited by several
thousand people.

Captain W. G. Mc. C. Burn, Rear Admiral L. D.
Dymoke, Director of Engineering (Ships), Mr. F. R.
W. K. Mansell, Head of Electrical Department.

Reports from H.M.S. Berwick indicate that
the “ QUAVER " is performing extremely well
in service at sea and that the ship’s staff are
delighted with the results. * QUAVER ” was
fully described in J.R.N.S.S., Vol. 23, No. 4,
July 1968, pp. 219 - 231.

A visit to A.E.L. was made by Rear Admiral
Dymoke, F.I.Mech.E., M.1., Mar.E., Director
of Engineering Ships on Friday, September
17th, 1971. He spent a full day touring the
Research and Development facilities at AEL
visiting the Sections in the Electrical Depart-
ment in the morning and the Sections in the
Mechanical Department in the afternoon.

A ¢ T

Admiralty Experiment Works

On 28th August Mr. Kowalski of Rhode
Island University, whose field is ocean engin-
eering, visited AEW.

Deputy Superintendent Mr. E. P. Lover
visited Holland at the beginning of September
for a Symposium on propulsion devices spon-
sored by Lips of Drunen, Netherlands.

The Mechanical Engineering Department of
University College, London, organised a two-
week (27th September - 8th October) course at
AEW on the Mechanics of Marine Vehicles as
an introduction to their university post
graduate course. Two members of AEW, Mrs.
S. F. Meek and Miss W. E. Bolton, attended
this introductory course which, apart from
touching on the important aspects of marine
engineering, also included visits to facilities at
AEW, British Hovercraft, H.M.S. Dolphin,
Vosper Thornycroft and AMEE.

Prior to the two-day Anglo-American meet-
ings held on 4th and 5th October, Captain L.
H. Beck, USN of Naval Ship Systems Com-
mand visited AEW on 29th September and
Commander T. M. Barry, USN, the US
NAVSHIPTECHREP, on 4th October. The
main US team was led by Dr. W. Cummins
and comprised seven members of NSRDC, two
of NSSC and four of NESC. The talks were in
connection with closer collaboration on sub-
jects of mutual interest.

18th October saw the visit of another mem-
ber of NSRDC, namely Mr. W. F. Brownell
who came primarily to view the Circulating
Water Channel and to discuss instrumentation
techniques associated with it.

¢ A 3



Admiralty Marine Engineering
Establishment

On October 21st and 22nd, Commander T.
Pellinkhoi and Lt. Cdr. J. B. de Winter of the
Royal Netherlands Navy visited the Establish-
ment. The visitors toured the Establishment
on the first day of their visit. The staff of
AMEE were joined by headquarters staff, in-
cluding the Deputy Director of Engineering
(Mechanical) Captain P. E. Melly, on the
second day for discussions concerning the inte-
gration of R and D effort in areas of interest
to both Navies.
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Admiralty Materials Laboratory

Sir George MacFarlane, CER and Mr. B.
W. Lythall, CB, CS RN, DCEREA, visited
AML on November 5th, 1971 to meet Senior
Staff and tour the laboratory. Mr. N. Coles,
DCER(C) accompanied by Mr. E. W, Russell
(D Mat (Av)) and DMR(N) also visited AML
on October 22nd, 1971.

Dr. R. G. H. Watson (centre) with Mr. B. W,

Lythall, CB, CS (RN), DCERE on his right and
Sir George MacFarlane, CER.
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Dr. R. G. H. Watson visited the USA during
the period September 10 - 25th, 1971 and gave
a talk ** Fibre Reinforced Plastics in the Royal
Navy *" to a meeting of the American Society
for Testing and Materials Committee D30 and
the Philadelphia Chapter of the Plastics In-
dustry in Philadelphia. He also visited Naval
Centers concerned with R & D in the materials
field and had discussions on the recent
exchange scientist exercise at the US Materials
and Mechanics Research Centre at Water-
town, Boston.

Mr. Farrand visited USA September 29th -
October 9th, 1971 as a member of the British
Delegation to the meeting of International
Standard Organisation Technical Committee
45 on Rubber which was held at ASTM Offices,
Philadelphia.

Dr. M. W. Lindley has recently returned
from participating in a UN/USA Scientific
Exchange Programme organised through the
TTCP Sub-Group Panel P.2. Dr. Lindley spent
4} months (June - October ’71) at the Cera-
mics Division, US Army Materials and Mech-
anics Research Center, Watertown, Boston,
Mass, USA, studying ceramics for armour and
gas bearing applications. Dr. D. R. Messier
of US Army Materials Mechanics Research
Center, similarly spent four months at AML
studying silicon nitride ceramics for high
temperature applications. Dr. Lindley also
visited various industrial firms, Government
Laboratories and Universities in the East and
Central USA relating to his work and that of
his colleagues at AML. During his stay at
ANMRUC a joint paper by Dr. Lindley and Dr.
R. Nathantiatz—Chief Ceramics Division
ANMRC entitled “A High Temperature En-
gineering Ceramic (Si;N,) by Powder Metal-
lurgical Methods ** was read at the 18th Saga-
more Army Materials Research Conference
(September 1971) on “ Powder Metallurgy for
High Temperature Applications” held at
Raquette Lake, New York State.

Mr. J. C. Rowlands attended the 2nd Euro-
pean Sea Horse Meeting at Noordwijk and
visited the Royal Netherlands Navy College
at Den Helder, Holland, in September. A paper
“A Survey of Marine Corrosion Properties of
Copper Base Alloys ”” by J. N. Bradley (retd.
ex CDL) and J. C. Rowlands was provided
for the Indian Copper Information Centre
Corrosion Symposium.

Mr. G. Brown visited Singapore November
Ist- 15th to assist the RM Trial Team on
materials aspects of the development of inflat-
able boats.
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Mr. B. H. Nicholls visited the USA during
the period November 12th-20th, 1971 to
attend a meeting arranged under the US/UK
Joint Sonar Programme on Hull Coating
Treatments at the Naval Underwater Research
and Development Center, San Diego, and to
visit Naval Establishments to discuss Materials
Aspects of the same topic.

Mr. F. J. Tribe joined the Materials Engin-
eering Group from Chatham Dockyard Labor-
atory in September.

Dr. R. Dukes and Mr. B. Barnett presented
a paper on ‘‘Interlaminar Sheer Tests and
Their Uses *’ to the Plastics Institute Research
Conference on November 11th.

Mr. D. Birchon gave a talk on “Hidaments”
to the Conference on Advanced Engineering
Materials in London on November 10th and
on ‘“Philosophy of Testing ™’ to the West of
Scotland Iron and Steel Institute and Institute
of Metals Joint Meeting in Glasgow on Nov-
ember 11th, 1971.

Mr. K. Wright, TG IIl awarded ex gratia
payment of £50 and a Certificate of Merit in
respect of a Method of Producing Hemis-
pherical Shells from Lead/Titanate Zirconate
(PZT).

Peter Maurice Wingfield, aged 49, died from
a heart attack on December 14th, 1971.

During the war he piloted Hurricanes, Mos-
quitoes, Defiants and Beaufighters on night
fighter, photo-reconnaisance and day sorties
from this country and over North Africa.
After the war he spent a short period with a
firm of business machine manufacturers, thcn
moved to Woolwich Arsenal and R.A.E. Farn-
borough where he worked on metallurgical
control and analytical processes. In 1957 he
joined the Royal Naval Scientific Service and
was posted to A.M.L. where it was our privi-
lege to know him for his last few years.

His ingenuity and talcnt were matched only
by his enormous zest for life, his constant good
humour and his inexhaustible kindness.

Chief among his wider interests was amateur
radio, through which he had buiit up a world-
wide circle of friends who knew him as
G3 SKO,, and who will mourn his sudden
death as kcenly as those of us who had the
fortune to share his personal friendship. As
one would expect from such a man, his was the
dependable, patiert, helping hand behind many
kindly activities including Talking Books for
the Blind, the Radio Amateurs’ Invalid and
Bedfast Club and remedial therapy for
retarded children.

His contribution to the work of his own
group within A.M.L. was invaluable, and many
other groups had the bcnefit of his neat
solutions to electrical and electronic problems,
for he always made time to heip othcrs. His
ideas live on in Amlec, Magneprint, the Wing-
field Fibre Meter and the stress wave emission
work now in hand, and in which he was so
passionately interested; but his greatest contri-
bution was his unfailing humanity, loyalty and
dedication. His name will always be in the
hearts of his many friends, whose sympathy
goes out to his wife Jo, daughter Susan and
son Michael.
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Admiralty Oil Laboratory
Fire and Explosion Hazards

The disastrous explosions in three very large
tankers some time ago have been the subject
of investigations by Shell and others. AOL
have an active interest in the hazards from
petroleum fuels and lubricants and have
attended the technical sessions of the Public
Enquiry into the explosion in an empty tank
of the S.S. Mactra during cleaning. Mr. R. G.
H. Clutton was invited to give evidence at one
point and one of the Assessors is Professor
F. Morton of the University of Manchester
Institute of Science and Technology (UMIST)
who is Chairman of the Navy Department
Fuel and Lubricants Advisory Committee
(NAFLAC) and has been AOL’s consultant
for some years.

Mr. J. Ritchie and Mr. R. G. H. Clutton
attended a Symposium on Explosion Hazards
in the Chemical Industry at UMIST on Sep-
tember 16th-17th, 1971. Mr. P. S. EXins,
whose duties include being AOL Fire Officer,
attended a Symposium on Major Loss Preven-
tion in the Process Industries at the University
of Newcastle-on-Tyne from July 6th to 9th,
1971.

Tribology

Mr. J. Ritchie has been appointed Project
Officer for information exchange on tribology
with the French Navy. Capitaines de Fregate
Perrier and Le Her and L’Ingenieur en Chef
de I’Armament Cavailles were at AOL for
discussions on November 24th - 25th, 1971.

Professor Hirst who holds a Chair in Tri-
bology at the University of Reading is now a
member of NAFLAC and a consultant to



AOL. Dr. Hamilton on his staff has been
developing a capacitance method of studying
oil film thickness in engines and is now trying
this out on a diesel oil test engine at AOL.
Mr. P. R. Eastaugh, Scientific Officer (old
style) who joined AOL from Rolls-Royce in
June 1971 attended a short course on tribology
at Cranficld Institute of Technology on
October 4th - 8th, 1971. Mr. A. W. Morgan
who has examined a large number of failed
rolling bearings was at the National Centre of
Tribology, Risley, for a course on Rolling
Element Bearings on November 4th, 1971.

Applied Chemistry

Mr. C. E. Carpenter attended a Royal Insti-
tute of Chemistry Summer School on Quanti-
tative Treatment of Experimental Data in
Chemistry at UMIST on September 19th - 23rd
1971. Mr. D. T. Pailthorpe attended a Week-
end Course on Recent Advances in Analytical
Chemistry at the Royal Military College of
Science.

Visiting Groups

The CERA Course for HMS Suitan visits
AOL six times a year. On October 16th, 1971 a
party of Tcchnical Grade Officers from Naval
Ship Production Overseer (South East) visited
AOL for the first time and it is expected that
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the visit will be repeated in later years. DEMT
arranged for two groups of his oil fuel depot
staff to come to AOL in July 1971 for prac-
tical instruction in the fuel testing equipment
issued to depots.

Transatlantic Visitors

Mr. R. N. Hazlett from US Naval Research
Laboratory was at AOL on July 7th, 1971. He
is particularly interested in the detection and
removal of water in oil. An old friend, Mr. R.
G. Grimsy from Canadian Forces Headquar-
ters in Ottawa came to discuss common
interests on November 29th, 1971, carrying
good wishes from Mr. E. C. Davis of
NAVSEC, Washington. Mr. J. M. Leonard,
Liaison Scientist at the US office of Naval
Research in London, spent the day at AOL
on November 12th, 1971 to discuss various
matters including oil pollution.

Pollution

Mr. L. F. Butcher was a delegate at a Sym-
posium on Air Pollution Control in Transport
Engines sponsored by the Institution of Mech-
anical Engineers at Solihull on November 9th -
11th. Dr. D. Wyllie attended a Group Research
Discussion on Motor Vehicle Exhaust Emis-
sions and Air Pollution at City University on
December 2nd. AOL received a visit from Mr.

The first visit of Capt. P. E. Melley after he joined Ship Department as Deputy Director

Engineering (Mechanical) was the occasion of the first group photograph of AOL staff

on record. Mr. R. P. Langston, Superintendent AOL is seated in the centre of the front

row with Captain Melley, Mr. Ray, Mr. Ritchie and Mr. Taylor on his left and Dr. Wyllie
and Mr. Clutton on his right.
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R. J. Down of the Chamber of Shipping UK
and Mr. P. Rose, Marine Industries Centre,
University of Newcastle to discuss oil pollu-
tion of water, on August 26th, 1971.

International Standardisation

Mr. C. E. Carpenter was a UK delegate at
Working Group 19, Methods of Test for Petro-
leum Products of the European Committee for
Standardisation (CEN) in Stockholm on Octo-
ber 4th to 7th, 1971. Mr. R. P. Langston was
a UK delegate at the meeting in Rome on
October 18th - 19th, 1971 of the Co-ordinating
European Council for the Development of
Performance Tests for Lubricants and Engine
Fuels. In particular he presented promising
data obtained at AOL from the proposed
Institute of Petroleum Supercharged Petter
Test for engine oils. Dr. Wyllie has revised
and rewritten part of the forthcoming Insti-
tute of Petroleum publication on Quality
Criteria for Petroleum Products.

“ Jimmy ”Ray entered Admiralty Service in
1926 when he joined Portsmouth Dockyard as
an Engineering Apprentice. Aftcr completing
his apprenticeship he continued his studies at
evening classes at Portsmouth Municipal
College obtaining his B.Sc.Eng. and later
becoming a Member of the Institute of Mech-
anical Engineers. Meantime he progressed to
draughtsman in the dockyard and in 1937
obtained one of four vacancies for Assistant
IT advertised at AEL. Here hc became well
acquainted with diesel engines working on the
development of submarine engines for the
S, T and A Class until he became a SSO on
the formation of the RNSS in 1946.

He was now to take part in a new activity.
There was considerable concern at the unduly
high incidence of extensive fractures in welded
merchant ships built in wartime in large num-
bers in the US. A report published in Washing-
ton in 1946 stated that ‘“ the fractures in many
cases manifested themselves with explosive
suddenness and exhibited a quality of brittle-
ness which was not ordinarily associated with
the behaviour of a normally ductile material
such as ship stecl . The Admiralty Ship Weld-
ing Committec tackled this problem and Jimmy
Ray served on the structural panel for five
years for most of which he was Secretary. He
remembers in particular stress analysis studies
in two ships, Ocean Vulcan and Clan Alpine,
one welded and the other riveted.

The Structural Group moved to AML
where it was disbanded a year or so later. He
returned to AEL and worked on diesel engines
and gas turbines, being promoted to PSO in
1953. He was concerned with problems assoc-
iated with Deltic, Ventura, ASRI, Foden and
other diesel engines in use in the Fleet.

He came to AOL to take charge of the
engineering section at a vital period in 1966.
Plans were underway for moving AOL from
congested premises at Brentford to the present
laboratory at Cobham. It fell to Jimmy Ray
not only to work out in detail and supervise
the installation of all engineering activities at
Cobham but to be co-ordinator and progress
chaser of the whole transfer. His dynamic
energy is largely responsible for the excellent
facilities we now enjoy.

Under him the engineering section has grown
in stature. The diesel engine lubricating oil
OMD-113 has been proved as an oil for all
Navy diesel engines and its specification has
been revised in the light of experience to
improve its availability on a world-wide basis.
An oil test kit which allows ships to basc their
oil changes on actual oil condition rather than
on running hours has been put into general
use. Work on lubrication and wear also covers
turbine oils and hydraulic fluids under various
practical combinations of oil, metal and con-
ditions of contact.

His many friends wish him every happiness
on his retirement which was in December,
1971.
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Admiralty Surface Weapons
Establishment

Sir George MacFarlane (C.E.R.) accom-
panied by Mr. B. Lythall (C.S.R.N. and
D.C.E.R.A.) and Mr. D. S. Watson (D.G./
E.R.P./A) visited the Establishment on the
23rd November for a presentation and discus-
sion on the Management of Large Develop-
ment Projects. A brief visit was also made by
Mr. D. G. Rayner, C.E.P.E., on 6th December.

The end of an era came on 26th November,
1971 when the Director of ASWE switched
off the Establishment’s 984 radar for the last
time. This large radar with its 26 ton antenna
was devcloped by ASWE to provide contin-
uous long range thrce-dimensional radar cov-
crage for aircraft carriers. (See J.R.N.S.S. 13
(1958) 159 - 163 et seq). If it werc not for the
démise of the aircraft carricr it would prob-
ably have remained in operational use for
many years to come and as such remained at
ASWE for Post Design activities.

[
|
|
|

The 3D Radar Aerial being installed at ASRE in
1953 in the new ‘3D Radar Building . This was
the first experimental radar fitted at ASRE,
Portsdown.

It is of interest to note that the development
of the radar and its associated comprehensive
display system started at ASRE Witley in
November 1947 under the present CM(S) 1,
Mr. J. Snowdon. Other RNSS personalities
involved with the design include the present
CS (RN) who was responsible for the revolu-
tionary multiple scanning beam lens aerial and
Dr. R. Benjamin who was project leader for
the associated comprehensive display system.

The radar was first fitted in H.M.S. Victor-
ious in 1958 and this was followcd shortly
afterwards in H.M.S. Hermes. More rccently
the same basic radar was fitted in H.M.S.
Eagle although in this case the associated
manually operated display system was rcplaced
by a computer assisted systcm known as Action
Data Automation (ADA).
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The Diractor ASWE presents Mr. F. W. Rogers
with 984's ' safe-to-transmit” and * safe-to-
rotate ** keys (26 November 1971).

After the 984 was switched off the Director
presented the two switch keys to Mr. F. W.
Rogers (SSA), the only member of ASWE's
staff who has worked continuously on the set
since the concept of the project.

A combined A.S.W.E./D.G. Ships mission,
led by Mr. A. R. Heaton, head of A.SSW.E’'s
two Communications Divisions, visited the
United States for the wcek beginning Septem-
ber 12, 1971, to discuss and exchange inform-
ation on aerial systems for submarines.
A.S.W.E. was also represented by Mr. R. D.
Holland and Mr. G. W. Murray from the
Submarine Group and D.G. Ships was repre-
sented by Cdr. P. Howlett, R.N. (Retd.) and
Mr. R. R. Phillips of the Forward Design
Group.

Detailed discussions were held in the U.S.
Navy Offices at Hyattsville, Washington D.C.
Visits were made to U.N., U.S.L., New Lon-
don, Connecticut, and N.R.L., Washington
D.C.

Combined meetings of the British, Aus-
tralian and United States navies werc held in
Washington at thc beginning of August 1971
to discuss a joint communications projcct. The
British team was made up of Cdr. P. C. Bur-
field, R.N., of British Navy Staff, Washington
and Messrs. R. D. Holland and R. C. Mingay
of AS.W.E.

Messrs. B. N. C. Amos, J. H. Riley and
M. F. Wintle attended the AGARD Sym-
posium on ‘““ Guidance and Control Displays ™
in Paris from October 19th-22nd, 1971.
Although the symposium was largely directed
towards cockpit displays for landing, it con-
tained information of general interest, e.g.
operator characteristics and work-load, ergo-
nontics and display techniques.
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Mr. David Black Quinn, Scientific Assistant
in A.S.W.E.’s Communications Division, died
in St. Mary’s Hospital at Portsmouth on Sep-
tember 27th, 1971, at the early age of 50.
Although he only served with the cstablish-
ment for eight years, he had previously served
for 25 years in the Navy, which culminated
with his acting as a radio Communications
Instructor at H M.S. Mercury. His work in
the establishment represented a radical change
in that he had to exchange his morse key and
headphones for electromechanical teleprinters.
His arduous and detailed work on the Defect
Reports on the Teleprinter No. 12 contributed
to a better understanding of these complex
electromechanical machines. He was admired
by his colleagues for his strength of purpose
which led him to undertake further educa-
tional courses at Highbury Technical College.
His many friends and colleagues within the
establishment were deeply shocked to hear of
his unexpected death, and their heartfelt sym-
pathy is extcnded to his widow and family.

& ¢ ¥

The retirement of Mr. P. T. W. Baker in
December came after 35 years service with the
establishment. When he joined the Experi-
mental Department of H.M. Signal School in
November 1936, the Receiver Section in which
he then worked, was still housed in ‘temporary’
huts which had been erected on the periphery
of the parade ground at the Royal Naval
Barracks in Portsmouth during the first world
war. One of his first tasks was the development,
testing and installation of a combined warn-
ing telephone and sound reproduction equip-
ment which effectively served as a ship’s broad-
cast system with a built-in ‘ music-while-you-
work * facility. Despite some unfavourable
comment from the more musically-minded, the
sevcre problems raised by such things as the
dialects of the various announcers and the
very indifferent acoustic qualities of many
ships’ spaces, were all successfully overcome.

The outbrcak of war saw substantial
changes in the Department and Baker found
himself working on small ships in the North
Sea investigating firstly, the use by German
craft of faulty submarine telegraph cables as
a homing device through the East Coast mine-
ficlds, and sccondly, the possible use of ‘leader’
cables as a navigational aid for our own ships
in the same area. During the course of this
work, he was commissioned Lieutenant
R.N.V.R. After successfully denying the

enemy any possible use of submarine cables
as a navigational aid, he was subsequently
concerned in the development of intercept
equipment and its operational use in the West-
ern Approaches. As a result of his success in
this field he was transferred to the Mediter-
ranean theatre where he flew on night sorties
with the R.A.F. over Greece, Crete, Syren-
aica, Libya and Tunisia. His outstanding con-
tribution to the success of these operations was
marked by the award of the Distinguished Ser-
vice Cross. Baker’s activities in the area came
to a dramatic end in March 1942 when an
operation to land him, together with his inter-
cept cquipment on enemy-held shores, by
rubber canoe launched from an aircraft,
ended in disaster.

Following engine-failure and a fire. the air-
craft ‘ ditched ’ off Rhodes, and the crew, after
swimming ashore were taken prisoners-of-war.
Luckily, the Italians did not suspect the nature
of Baker’s activities and he was not singled
out for any special attention. Fortunately, he
was nominated for exchange a little over a
year later and returned home via Turkey and
Suez.

Following a year’s appointment as the
Admiralty Signal Establishment’s Electronic
Warfare Liaison Officer at the Telecommuni-
cations Research Establishment at Malvern,
Mr. Baker came up with proposals for a leader
cable navigational system for assault opera-
tions and swept-channel clearance. It was
intended that the cable could be laid from fast
surface craft or aircraft, and although the
system was developed and underwent success-
ful sea-trials, the war cnded before it could be
put to further use. The work was subsequently
published at the International Conference on
Radio Aids to Marine Navigation held in
1946. Although the patent lapsed some 10
years later, the system has recently been used
in Sweden to assist ferries in foggy conditions.



The post-war years brought less hazardous
but varied tasks which included the installa-
tion of recording facilities in H.M.S. Vanguard
for the Royal Tour to South Africa, develop-
ments of X-Band direction-finding equipment
for submarines. For the next 10 years or so,
Mr. Baker was solely employed on under-
water communication projects which included
thosc on VLF phase propagation and sub-
merged-reception tcchniques, buoyant-cable
receiving aerials for use under ice and a towed
communication buoy. This work took him on
a month’s voyage with one of the earlier Royal
Naval ‘excursions’ by conventional sub-
marine to the northern polar ice-cap. Mr.
Baker’s more recent work has all becn con-
cerned with direction-finding equipment for
use cither in ships or submarines.

Philip Baker’s unusual combination of air-
borne, surface and sub-surface experience has
made him a mine of information on radio
development work, and his sound advice on the
preparation and conducting trials was much
appreciated by all who sought it. Even his
pastime of car rallying proved most useful to
his immediate colleagues who accompanied
him on “ duty * trips which were accomplished
in record time.

The Director presented Mr. Baker with a
telescopic rifle-sight on behalf of his colleagues
and wished both him and his wife many happy
vears of retirement in their new home on the
Isle of Mull.

Admiralty Underwater Weapons
Establishment

Messrs. A. B. Cotton and C. Foggon repre-
sentcd A.U.W_E. in the U.K. delegation to the
Magnetic Anomaly Detection (MAD) Sym-
posium which was sponsored by the U.S. Naval
Ordnance Laboratory and the U.S. Office of
Naval Research and held at White Oak on
October Sth to 7th. The meeting was attended
by approximately 200 people representing the
government establishments of thc United
States, Canada and the United Kingdom, and
the North American industries concerncd in
this work.

A total of 37 papers werc presented covering
various subjects associated with MAD ranging
from geophysical discussions of the geological
noise problem through the latest hardware
dcvelopment to the operational implications.
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In particular, a number of papers described
the prescnt research being carried out in the
U.S. to develop more sensitive detectors and
the concomitant work in both Canada and the
U.S. on thc application of signal processing
techniques. A.U.W.E. presented three papers
dealing with the submarine target, the noise
background and the operational use of a heli-
copter-borne MAD system.

The annual meeting of the NATO Military
Agency for Standardisation’s Mine Warfare
Working Party and its Technical Panel was
held in November 1971 at the Naval Ordnance
Laboratory, Whiteoaks, Maryland, U.S.A.—
very close to Washington D.C. The U.K. dele-
gation consisted of Cdr. D. F. Watts (DNW),
Lt. Cdr. J. Wilson (Captain MCM), Lt. Cdr.
H. F. Caisley (HM.S. Vernon), 1t. Cdr.
(Rt’'d.)) S. Parsons and Mr. D. Henley
(DGW(N)) and the following members of
AUW.E.: Messrs. H. A, Hudson, A. B.
Cotton, C. Harrington and D. F. Walker—
the last as Chairman of the M.W.W.P. Tech-
nical Panel.

The main conference room provided for the
meeting was NOL’s Jungle Room—a fairly
comfortable, air-conditioned room for perhaps
30 to 35 people, although somewhat crowded
by the 50-70 delegates present for much of
the two weeks of the meeting. Other minor
conference rooms for the sub-groups and
sections were scattered around NOL and also
at a neighbouring military establishment some
three miles away; consequently it was not pos-
sible for delegates to move, as the occasion
demanded, from one meeting room to another.

On the first day, the delegates were wel-
comed and addressed by Vice Admiral King,
U.S.N., Deputy Chief of Naval Opcrations
(Surface). The Technical Panel then went into
a joint session with the “Books’ section
(ATP -6, 19 and 24) to discuss the technical
content and the appropriate place for a new
U.S. book on the planning and evaluation of
MCM procedures. The technical content of
the publication, incomplete as it is as prescnt,
was with some exceptions generally agreed as
satisfactory, but it was not possible to agree
where it should appcar; although a number of
nations optcd for it to become a self-contained
Annex to ATP-24. The UK.’s attitude was
that sincc it is meant for planning purposes,
the book could well be limited in distribution
to planning authorities and not be included
amongst the books carried by MCM Vessels.
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The rest of the first week, the Technical Panel
mct alone although split up into a number of
groups dealing with degaussing, opcrational
research, minesweeping, minehunting and
clearance diving problems. The books section
also continucd on their own for the rcst of this
first week, having to collect their classified
papers from the Jungle Room each morning,
and meet in an establishment a few miles
away.

The first half of the second weck saw the
meeting of the Joint Session (that is, Working
Party and Technical Panel together). This was
followed by full Mine Warfare Working Party
Meeting. Again, as in previous years, much of
the business was concerned with doctrine and
tactics in the field of minesweeping; however,
interest in U.K.’s Captain MCM General Mem-
oranda on minehunting was marked.

The U.S. Navy gave a cocktail party on the
Tuesday evcning of the second week in the
Officers’ Club of the Bethesda Hospital.

Admiral Zumwalt, U.S.N., Chief of Naval
Operations addressed the MW Working Party
Meeting on the last Thursday of the session;
his theme was an impressive account of the
importance of mine warfare (however, as our
U.S. delegate commented to the writer, this
did not mean that the funds for MCM flowed
any easier !).

Next year’s meeting will be held in London
with the U.K. as host for the first time. This
meeting has in fact been held in London on
at least three previous occasions in the 1960s,
but they were held at the Old MAS Head-
quarters at Chesham Place with MAS as host.

An ICL 1904A computer has been installed
to supplement the computer service to research
establishments at present given by ARL.

General view of Computer Hall.

Acceptance tests were completed on October
27 and a service to internal and external users
1s developing.

To mark several years service by HMS Penelcps
to the hydro-acoustic research and sonar develop-
ment programmes of AUWE, her Commanding
Officer, Commander J. B. Powell was presented
with an inscribed plaque by the Director, AUWE,
Dr. G. L. Hutchinson.

AUWE’s new scientific trials tcnder RDV
Crystal was designed and built in H. M. Dock-
yard, Dcvonport to very stringent structural
requirements and was completed in the very
short time of 18 months. This unique vessel
is over 400 ft. long, 56 ft. beam and with a
displacement of nearly 3,300 tons.

Within the vessel are large trunks which
are open to the sea and associated with thcse
trunks are “ stations” which support, raise,
lower and rotate scientific devices. These
stations are hydraulically powered and thc
largest can handle a load of 130 tons.

The main source of electrical power will be
an 11 kV supply taken by underwater cable
from the Central Electricity Generating
Board’s grid. A voltage of this magnitude is
rarely connected to a vessel afloat and is
another unusual feature of this project. The
11 KV supply is transformed aboard and pro-
vides electrical power at various voltages and
frequencies to the laboratories and control
rooms between decks.



The vessel is not fitted with propulsion
machinerv, but auxiliary machinery and
systems inelude diesel generators, air com-
pressors, hydraulie plant, chilled water plant,
ventilation and steam heating. An operational
ballasting system for trim adjustment and the
usual ship board salt and fresh water systems
are also installed.

Limited accommodation is provided for a
combined eomplement of about 50 scientists
and civilian crew.

R.D.V. Crystal will be moored inside the
outer breakwater arm of Portland Harbour
and her unconventional shape and 100ft. high
tower will undoubtedly provide an unmistak-
able landmark.

M. G. W. Charter Senior Scientific Assistant
at the Admiralty Underwater Weapons Estab-
lishment Portland was recently awarded a
Certificate of Merit and a cheque by the
Awards Committee of the Ministry of Defence
(Navy).

Mr. Charter’s award was for his work on a
Narrow Beam Optical Director System and a
Variable Squarc Wave Signal Generator, both
of which have been used to good effect
regularly in AUWE Trials.

Dr. Hutchinson (Left) Director AUWE
made the presentation to Mr. Charter at
Bincleaves recently.

Central Dockyard Laboratory

Mr. J. Smith visited the Duteh Naval Yard at
Den Helder on 19th - 20th Oetober as part of
Surface Preparation Panel team to see open
abrasive blasting being earried out on a Duteh
warship. Mr. J. Smith and Mr. W. Weaver
attended the sixth meeting in London of ISO
TC/35/519 “ Methods of tests for Paints *” and
its associated Task Groups.
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Mr. D. R. Houghton attended the 2nd Inter-
national Biodcterioration Symposium held
from the 13th - 18th September in Lunteren,
Holland, where he ehaired the session on
“Biodeterioration in the marine environment.”™

Department Co-ordination Valve
Development

Dr. C. S. Whitehead attended the European
Microwave Conference in Stockholm in
August 1971, and presented a late news entitled
“A very high quality varactor diode for use
at high idler frequencies ” by C. S. Whitehead,
J. C. Vokes*, H. A. Deadman* and J. C.
Thomson*. (* from SERL)

As from 11th October, 1971 responsibility
for research and development of passive com-
ponents under RCRDC (TL9) and the co-
ordination of polieies on standardization of
electronic parts (TL5) was transferrcd to
DCVD. Changes in organizational arrange-
ments are under diseussion.

Mr. L. N. Large visited U.S. firms between
18th and 29th Oectober 1971 to view and
diseuss the latest development in a wide area
of solid state technology, particularly micro-
electronies. The visit ineluded a TTCP Sub-
Group T meeting on solid state devices with
representatives of Canada and the U.S.

e

Directorate of Naval Operational Research

On the 27th October 1971, at the Annual
General Meeting of thc Institute of Naviga-
tion, Messrs. A. Stratton (Dircctor, Dcfenec
Operational Studies, Ministry of Defenee,
Byfieet) and W. E. Silver (Directorate of Naval
Operational Studies, Ministry of Defenee,
Whitehall) were jointly awarded the Institute’s
Bronze Medal for the best paper published in
the Institute’s Journal for 1970.

The paper entitled “ Opcrational Research
and Cost Benefit Analysis on Navigation with
Particular Reference to Marine Aecidents ™
was first presented at the International Naviga-
tion Conference in Rome, May 1970, and
printed in the Journal of the Institute in July
1970 .
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Naval Aircraft
Materials Laboratory

Mr. E. J. Hammersley, Officer-in-Charge
NAML, has recently visited Australia and New
Zealand to attend a meeting of the Air Stan-
dardisation Co-ordinating Committee Working
Party 84, NBC Defensive Measures, which was
held in Canberra. Following this meeting, dis-
cussions were held with the Superintendent
Aircraft Maintenance and Repair in Sydney
on a number of topics concerning naval air-
craft opcrating and materials problems and
also short discussions with staff of the Defence
Standards Laboratories on techniques of
engine health monitoring.

In New Zealand, meetings were held with
the Defence Scientific Establishment for an
exchange of information on Spectrometric Oil
Analysis and on system monitoring techniques
generally, including hydraulic system cleanli-
ness requirements and counting techniques.
Discussions also took place with the Royal
New Zealand Navy and Royal New Zealand
Air Force in Auckland and at RNZ Defence
Headquarters Wellington, on aircraft materials
problems generally. An interchange of further
information as a follow-up to these visits is in
hand.

Services Electronics
Research Laboratory

Dr. H. A. H. Boot was elected last August
to Life Fellowship of the Franklin Institute
(USA) in recognition of contributions made
by him to science.

Services Valve Test Laboratory

Charles Edward Poole retired on Dccember
3ist, 1971, after 28 years’ service in the
R.N.S.S. “Charlie” made first contact with
electronics in 1939 as a Driver/Wireless
Operator in the Royal Armoured Corps, sub-
sequently seeing service in the Middle East,
Sicily, Italy and, on D-Day + 1, in Normandy.
He was invalided out of the Army in 1944.

His career with the RNSS started in 1944,
as an Assistant Scientific Officer, serving in
DREL, DRC4 and GX Divisions at ASRE,
Witley until the end of 1950. Then a transfer
to SVTL at Liss, where unfortunately his
health broke down, leading to major surgery.
He went with SVTL when it moved to Hasle-
mere in 1952, and has served there ever since.
Now that SVTL has closed down, Charlic, at
56, has chosen to take a prcmature retirement
rather than face a tedious journey from his
home in the village of Chiddingfold to a post
at Portsdown.

A lot of his spare time has been taken up
since 1958 as a member of Chiddingfold
Parish Council, where his quick mind and
memory for detail, particularly of rules and
regulations, must be of great value.

We wish Charlie and Mrs. Poole a long and
happy future.
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BOOK REVIEWS

Swords for Sea Service. By Commander W. E.
May and P. G. W. Annis. Two Volumes;
pp. xxii + 398 with 5 colour plates, 140
plates and 32 figs. London; Her Majesty’s
Stationery Office. 1970. Price £8 net.

This book, superbly produced, is in fact
designed to bring up-to-date a previous cata-
logue of swords in the National Maritime
Museum, which was compiled in 1955 by
Captain H. T. A. Bosanquet. Since then, some
350 swords have been added to the collection
and “ Swords for Sea Service ” not only deals
with these but also includes much additional
material, particularly concerning the Sword
Cutlers and the weapons used in other coun-
tries.

Though the book may at a glance seem a
somewhat esoteric form of Museum Catalogue
in fact there is a wealth of history and anec-
dote to be found in it. The illustrations are
magnificent and the two volumes would form
a most welcome and decorative addition to

any library. A. V. Thomas

Underwater Acoustics. By Leon Camp. Con-
tributing authors Richard Stern and B. M.
Brown. Pp. xi + 308. Wiley-Interscience,
1970. £8-25.

The choice of title for this book is unfor-
tunate for two reasons. First, it is misleading
as to content, the book being mainly con-
cerned with sound sources and receivers. It is
the contention of the chief author that these
justifiably occupy the centre of the stage in
underwater acoustics. But other workers with
other interests and other prejudices would
surely place different aspects in the centre.

For example the present writer, who is well
known to be completely without bias, would
choose the acoustics of the ocean medium for
this place of honour. Although Dr. Camp is
entitled to his opinion the result is a book
which rather falls between two stools—it is
not balanced enough to cover the whole field
of underwater acoustics adequately: but
neither is it whole-hearted enough to be a
thorough text on transducers. The explanation
of this- as offered in the preface, is that it is
the book of the *‘short course” on under-
water acoustics given for a number of years
in the University of California at Los Angeles.

The second reason is that two books titled
*“ Underwater Acoustics ™ were published
only about a month apart at the end of last
year, one by Camp and one edited by Stephens
(see the review following). Both books were
published by the same division of John Wiley,
and are comparable in length and price. It is
good to see this level of support for the sub-
ject, but it is thought the publishers would
have done well to avoid the possible confusion.
Note also that the same title was last used
for yet another book only a few years ago.

Six out of the 10 chapters are on trans-
ducers or on matters directly relevant to
transducer design. Perhaps the most important
of these are on electroacoustic, magneto-
strictive and piezoelectric systems. The stress
here is on the mathematical analysis of fairly
complete mechanical models, rather than on
more severely practical matters. The author is
helpful to the student by going back to first
principles, and including for example very
readable accounts of basic magnetic theory
and tensor analysis.

—
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The two chapters by Stern introduce basic
wave acoustics, and then very briefly under-
water sound propagation in terms of ray
acoustics. Camp contributes one general chap-
ter covering listening and echo-ranging. The
book finishes with a useful account of sonar
signal processing by Brown, where the primary
division is into incoherent and coherent pro-
cessors rather than into passive and active
systems.

The editing is careless in a number of places.
For example the loss of the promised table of
logarithms in Table A3.3 is not all that serious,
but it is a pity instead to waste two pages
completely by repeating Table A3.1.

D. E. Weston

Underwater Acoustics. Edited by R. W. B.
Stephens. Pp. vii + 269. Wiley-Interscience,
1970. £6:75.

This book is based on a series of eight
lectures delivered at Imperial College in 1967.
Dr. R. W, B. Stephens was responsible both
for organizing the lectures and for editing this
book. His interests and manifold activities in
acoustics extend well beyond the underwater
world, and it was very fitting that about the
time of his recent retirement from Imperial
College he should be given the Rayleigh Gold
Medal of the British Acoustical Society.

As often happens with multiple authorship
there is considerable inhomogeneity—showing
up here in the quality of the writing, the level
at which it is pitched, the length of the con-
tributions, and the degree of specialisation.
The quality varies from the really excellent
to the rather poor, but the book would be
worth having for the one or two top papers
alone. Those papers aiming at a high level
contain a reasonable amount of mathematics,
but care is taken to relate this to the physics.
Length of papers is not necessarily of the first
importance, but for the record the shortest
is 18 pp. long and the longest is 69 pp. The
former is an interesting and well-organised
account by B. Ray of audio communication
between free divers, stressing that the prac-
tical problems can be more important than
the esoteric technical ones. The latter is a
paper by R. W. G. Haslett on target echoes,
describing in particular detail Haslett’s own
work on fish targets, and filling over a quarter
of the whole book. Three of the papers cover
a very wide field: Stephen’s introductory
lecture, W. F. Hunter’s talk on acoustic

’

‘““ exploration > which gives the flavour of the
sonar detection problem, and D. M. J. P.
Manley’s rather mixed bag on instrumenta-
tion. The other five papers are more specialist,
and somewhat arbitrarily three of these are
chosen for further comment below.

The writer enjoyed A. O. Williams Jr. on
normal-mode methods in propagation of
underwater sound, considered here mainly in
deep-water applications. It is easy in such a
subject to be either excessively rigorous and
mathematical, or sloppy and uninformative.
This elegant paper avoids both extremes with
ease and humour, and provides a good intro-
duction to the mode approach. It progresses
from the spherical to the not-so-spherical
cow; here the explanation of this joke will
most meanly be withheld and the reader
referred to the book. But don’t let this piece
of frivolity make you think there is no meat
in this lecture.

There are plenty of problems left in work-
ing with normal-mode ideas in the real sea,
but perhaps even more problems connected
with surface scattering. Thus the first part of
H. Medwin’s excellent paper is a derivation of
the effect of surface waves, using the Helm-
holtz surface integral method. This is applied
both to backscatter and to the near-specular
direction, and also compared to experiment.
One interesting point is the apparent necessity
to take into account the contribution of
scattering by near-surface bubbles. But it is
only just now beginning to be possible to set
limits to their relative importance; as a func-
tion of frequency, wind speed, geometry etc.

V. G. Welsby’s article efficiently introduces
non-linear acoustics, a subject which may well
become increasingly important as techniques
advance and source intensities become higher.
He discusses both the basic theory and a
number of applications. The application with
perhaps the longest history is the endfire array
of virtual sources. Two beams of high-fre-
quency sound, differing only slightly in fre-
quency, are superimposed in space. Their non-
linear interaction produces a line of virtual
sources at the sum and difference frequencies.
The main point is that a very narrow beam
can be produced at the difference frequency,
using a projector of surprisingly small size.
This is of high academic interest, but it
remains to be seen how soon the idea can be
used at sea (or elsewhere) in a device which
is truly competitive with more conventional

equipment. D. E. Weston



Information Transmission, Modulation and
Noise. By Mischa Schwartz. 2nd Edition,
McGraw Hill Book Company, 1970. £1-39.

Since the early 1940s there has been an
enormous expansion in the communications
field and an increase in the number and
variety of signal processing and information
transmission techniques employed. The first
edition of this book (1959) fulfilled the need
of both students and practicing engineers for
an authorative text on the fundamental and
unifying principles of communications sys-
tems. Having used it frequently myself as a
reliable source of reference I looked forward
to studying it and comparing it with its
esteemed predecessor.

The two opening chapters have changed
little, the first being an introduction into
information transmission with a discussion of
the factors affecting the information capacity
of a system, while the second deals with
transmission  through electrical networks.
Together they show, in lucid fashion, that
information capacity is bandwidth limited due
to the presence of energy storage devices and
unavoidable noise fluctuations. The Fourier
series, Fourier integral, and concept of fre-
quency spectrum are developed and related
to time response.

Chapter 3 on ¢ Digital Communication
Systems > first reveals the substantial revision
that the earlier edition has undergone and the
new emphasis on digital methods. The conver-
sion of analogue signals to digital form by
sampling and subsequent quantisation is
covered in some depth and attention is given
to problems arising such as time synchroni-
sation, inter-symbol interference and quanti-
sation noise.

The digital emphasis is again reflected in
Chapter 4, entitled *“ Modulation Techniques ™.
The earlier edition included an excellent and
comprehensive section on this subject includ-
ing a.m., S.S.B., narrow and wide-band f.m.
This has been substantially repeated and
improved upon but, in addition, there is an
entirely new section on Binary Communica-
tions with an essentially mathematical treat-
ment of OOK (on-off keyed), PSK (phase-
shift keyed), FSK (frequency-shift keyed),
systems.

Statistical concepts are essential to a study
of modern communication systems and
Chapter 5, * Statistical Methods in Systems
Analysis 7, caters for this and includes a well
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written and conventional introduction to the
elements of probability theory. The new
edition follows this up, however, with the
Axiomatic approach to probability which is
somewhat more abstract and dependent on
set theory. Discrete and continuous proba-
bility distributions, statistical averages and
probability density functions are then dealt
with thoroughly before some important prac-
tical applications of statistical methods are
discussed, e.g. error rate in P.C.M., the trans-
mission of signals through random fading
media (Rayleigh and Rician fading).

A new chapter on ‘“Random Signals and
Noise ” is concerned with the efficiency of
modulation and demodulation techniques in
the presence of noise. The point is made early
on that real signals are time varying and
unpredictable (otherwise why transmit them ?).
In the 127 pages of this chapter there is a
wide ranging attack on the subject matter
and topics include Auto-correlation Function
and Spectral Analysis, Matched Filter-detec-
tion, Narrow-band Noise, Synchronous Detec-
tion of Binary Signals in Noise, to mention but
a few. Odly, the actual mechanisms of noise
generation are left until later in Chapter 7,
*“ Physical Sources of Noise ”, which is an
updated version of that in the first edition,
but with the same thorough treatment.

The final chapter, “ Statistical Communica-
tion Theory and Digital Communications
concerns itself with the problem of optimising
systems by maximising information transmis-
sion rate within prescribed constraints of error
probability, signal power, noise and band-
width.

Mischa Schwartz has again demonstrated his
understanding of good communication by
producing this very readable revised version
of his earlier work. The quality of content is
matched by that of the binding, print and
diagrams which are excellent, and the book
is a worthy successor to the first edition.

J. H. Riley

In-Water Photography—Theory and Practice.
Lawrence E. Mertens, Wiley-Interscience
1970. Pp. xiii + 391. £1-90.

The production of an underwater photo-
graph is fraught with difficulty and complica-
tions. Apart from the practical problems of
the protection and operation of so delicate an
instrument as a camera in such a difficult
environment, there are the vagaries in the
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behaviour of light in this medium to be taken
into account. This is all in addition to the
usual considerations of terrestrial photo-
graphy which is, after all, a complete and
complicated science (and art) in its own right:
very many large works have been written on
it. Obviously, then, a concise treatment of
underwater photography is going to involve
precision mechanical engineering, optics and
higher physics as well as the pure photography.

After a brief introductory section, the
transmission of light in water is considered,
including both natural and artificial light
sources, the air/water interface, and the
physical properties of water that affect the
transmission of light. Image contrast and the
use of filters is discussed, supplementary
lighting in much detail, lenses and optical
parts, cameras and their necessary water-
tight protection, films and image tubes, and
the biological aspects of light and colour in
the sea are all considered in turn. The prac-
tical side is then dealt with under the sub-
headings of applications, modern photographic
techniques, and then, of course, diving
methods.

An enormous amount of information is
contained in the book, and it is very obvious
from the large number of extremely useful
references (included at the end of each of
the 12 main sections), that a lot of careful
literature research and forethought has gone
into its compilation. Graphs and tables are
plentiful, and make reference to the book a
simple task. As with large text-books on its
terrestrial counterpart, it does tend to get
mathematical in places, but this, of course,
is necessary if one is to get a true understand-
ing of the subject: this may, however, tend
to discourage its purchase by the *‘non-
professional >, such as an amateur skin-diver
who ““fancies the idea of taking a few pic-
tures underwater .

This apart, however, the book gives the
subject matter a very thorough treatment, and
will be of great assistance to those involved
in the production of photographs of situa-
tions in underwater surroundings.

J. Kirby

Nuclear Reactor Theory. By George 1. Bell
and Samuel Glasstone. Pp. xviii 4+ 619. New
York. Van Nostrand Reinhold Company
1970. Price £12-25.

This first systematic treatment of neutron
transport theory will undoubtedly become the
standard reference book in the field within
a short period of time. The authors are well
qualified to produce such a textbook with Dr.
Bell having over 20 years experience at Los
Alamos in both practical and theoretical
applications of Transport Theory, and S. Glass-
tone having a lifetime’s experience in the pro-
duction of excellent textbooks in the field of
Nuclear Science and Technology.

The 10 chapters of the book cover a
considerable variety of topics concerned with
solutions of the Transport Equation and their
application to practical reactor analysis. Much
of the information presented was previously
only available in government authority reports.
Chapters one to five cover the derivation and
solution of the Transport Equation and the
Integral Transport Equation in considerable
detail. The treatment will appeal to physicist
and engineer alike in that the mathematical
derivations are thorough without being too
detailed. The main numerical methods of solu-
tion covered are Spherical Harmonics, Discrete
Ordinates and Collision Probabilities though
surprisingly, little mention is made of multi-
group collision probability (or Monte Carlo)
methods. Chapter six covers applications of
the adjoint function to perturbation theory
and to variational methods. The presentation
1s extremely lucid with the discussion of varia-
tional methods particularly useful. Students
and workers in the field alike will welcome
Chapters seven and eight on Neutron Therma-
lisation and Resonance Absorption respec-
tively. The presentation is much clearer and a
great improvement on present texts available.
Chapters nine and ten on Reactor Dynamics
are interesting though perhaps not as out-
standing as the earlier chapters. The section
on flux flattening using burnable poisons is,
however, most welcome.

This textbook then, although superficially
expensive at £12+25, is good value especially
to workers in the field of core assessments
and to lecturers and students in reactor
physics. Two additional and welcome features
of the book are the excellent examples at the
end of each chapter and the comprehensive
reference list associated with each chapter. A
suggested useful addendum to the book would
be a set of worked solutions to the examples !

A. Wilkie
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